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Abstract 

Pediatric intestinal motility disorders affect many 
children and thus not only impose a significant impact 
on pediatric health care in general but also on the 
quality of life of the affected patient. Furthermore, 
some of these conditions might also have implications 
for adulthood. Pediatric intestinal motility disorders 
frequently present as chronic constipation in toddler 


age children. Most of these conditions are functional, 
meaning that constipation does not have an organic 
etiology, but in 5% of the cases, an underlying, clearly 
organic disorder can be identified. Patients with organic 
causes for intestinal motility disorders usually present 
in early infancy or even right after birth. The most 
striking clinical feature of children with severe intestinal 
motility disorders is the delayed passage of meconium 
in the newborn period. This sign is highly indicative 
of the presence of Hirschsprung disease (HD), which 
is the most frequent congenital disorder of intestinal 
motility. HD is a rare but important congenital disease 
and the most significant entity of pediatric intestinal 
motility disorders. The etiology and pathogenesis of 
HD have been extensively studied over the last several 
decades. A defect in neural crest derived cell migration 
has been proven as an underlying cause of HD, leading 
to an aganglionic distal end of the gut. Numerous basic 
science and clinical research related studies have been 
conducted to better diagnose and treat HD. Resection 
of the aganglionic bowel remains the gold standard 
for treatment of HD. Most recent studies show, at 
least experimentally, the possibility of a stem cell 
based therapy for HD. This editorial also includes rare 
causes of pediatric intestinal motility disorders such as 
hypoganglionosis, dysganglionosis, chronic intestinal 
pseudo-obstruction and ganglioneuromatosis in multiple 
endocrine metaplasia. Underlying organic pathologies 
are rare in pediatric intestinal motility disorders but 
must be recognized as early as possible. 

Key words: Intestinal motility disorder; Children; 
Hirschsprung disease; Chronic constipation; Delayed 
passage of meconium; Rectal biopsy; Stem cell based 
treatment; Multiple endocrine metaplasia 

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved. 


Core tip: Intestinal motility disorders are frequent 
in early childhood. Despite the fact that most of 
these patients suffer from functional problems it is of 
major importance to recognize the cases with severe 
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underlying organic causes. Pediatric patients with 
intestinal motility disorders require a standardized 
diagnostic and if necessary therapeutic approach. 
Functional constipation is the most frequent condi¬ 
tion in toddlers and preschool age, which requires 
demystification, diet and concomitant laxative treat¬ 
ment. Functional constipation carries a very good 
prognosis. Organic causes are rare in intestinal motility 
disorders and require therefore meticulous diagnostics 
and adequate surgical treatment. Flirschsprung 
disease is the most relevant organic cause for pediatric 
intestinal motility disorders. 


Gfroerer S, Rolle U. Pediatric intestinal motility disorders. World 
J Gastroenterol 2015; 21(33): 9683-9687 Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v21/i33/9683.htm DOI: 
http://dx.doi.org/10.3748/wjg.v21.i33.9683 


EPIDEMIOLOGY 

Defecation disorder is among the most common 
complaints in pediatric patients. Chronic constipation 
accounts for 3%-5% of consultations to pediatricians 
and for 10%-25% of referrals to pediatric gastro- 
enterologists [1,2] . Nevertheless, less than 5% of the 
affected children have an underlying organic cause for 
this condition. 

Possible congenital anomalies of the intestinal 
motor functions must be detected as early as possible. 

The most common congenital disease presenting 
with intestinal motor dysfunction is Flirschsprung 
disease (FID). Its incidence varies between 1:5000 
and 1:10000 live births. Flirschsprung disease is 
characterized by the congenital absence of ganglion 
cells starting distally from the inner circular muscle 
with a varying extent towards the proximal bowel. 
The most frequent localization of the congenital 
aganglionosis is confined to the rectosigmoid colon [3] . 

Flypoganglionosis is an abnormality that is usually 
observed in conjunction with FID in the transitional 
zone proximal to the aganglionosis. Isolated hypo- 
ganglionosis is extremely rare and has only been 
reported in approximately 100 cases [4,5] . 

Dysganglionosis of the enteric nervous system 
(ENS) has previously been described as intestinal 
neuronal dysplasia (IND). This entity may not really 
exist as a clinical condition because, despite the 
described histopathological changes, almost all 
affected patients improve with time and conservative 
treatment. Currently it is assumed that the so-called 
IND is a normal age-related variant [6] . 

Ganglioneuromatosis usually presents with an 
intestinal motility disorder and is an important and 
mostly primary feature of the multiple endocrine 
neoplasia (MEN) syndrome type 2B [7] . 

Chronic intestinal pseudo-obstruction is a rare but 


severe condition, which is characterized by repetitive 
episodes or continuous symptoms of intestinal obs¬ 
truction without a fixed obstructive bowel lesion. This 
disease frequently presents with radiological signs of 
bowel obstruction^. 


CLINICAL PRESENTATION 

Functional constipation has been discussed within 
several consensus conferences for functional gastro¬ 
intestinal disorders (FGIDs) and was revised in 2006, 
leading to the ROME IE child and adolescent criteria. 
Functional constipation usually presents with a 
decreased frequency of bowel motions per week. At 
least two of the following criteria must be present for 
more than two months to be regarded as functional 
constipation: (1) two or fewer defecations per week; (2) 
at least one episode of fecal incontinence per week; 
(3) retentive posturing or excessive volitional stool 
retention; (4) painful or hard bowel movements; (5) 
presence of a large fecal mass in the rectum; and (6) 
large diameter stools that may obstruct the toilet [9] . 

The most striking symptom of severe intestinal 
motility disorder is the delayed passage of meconium. 
Flealthy newborn babies usually evacuate meconium 
in the first hours after birth, at the latest 24-48 h 
postnatally. Delayed passage of meconium combined 
with defecation problems in infancy is clinically very 
suggestive of Flirschsprung disease [10] . 

Patients suffering from hypoganglionosis or gang¬ 
lioneuromatosis usually present with severe chronic 
constipation and ongoing defecation problems or 
occasional bowel obstruction mimicking FID [11] . 

Patients with ganglioneuromatosis in MEN2b may 
reveal intestinal problems characterized by constipation, 
bowel obstruction or diarrhea up to 7 years before the 
final diagnosis is made (own unpublished data). 

The clinical presentation of chronic intestinal pseudo¬ 
obstruction (CIPO) comprises symptoms and signs 
of severe bowel dysmotility that frequently lead to 
vomiting and repetitive bowel obstruction. 


DIAGNOSIS 

Pediatric intestinal motility disorders should be diagnosed 
by the standardized approach of taking the patient's 
history and conducting clinical investigations, imaging 
and biopsy [12,13] . 

Coordinated intestinal motility (peristalsis) is a 
result of the interaction of the ENS, interstitial cells of 
Cajal (ICCs) and intestinal smooth muscles [14,15] . 

Functional, radiological and histological investigations 
are applied in pediatric motility disorders to diagnose 
the potentially underlying disease [16,17] . 

First step is usually a radiographic investigation, 
i.e., a contrast enema to reveal a suspected narrow 
rectosigmoid segment in Flirschsprung disease. Contrast 
enema has a sensitivity of 76% and a specificity of 
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Figure 1 Acetylcholine-Esterase-Histochemistry-staining of a rectal 
biopsy in a patient with Hirschsprung disease. Note absence of ganglion 
cells and presence of hypertrophic cholinergic fibres within the mucosal layer 
(original magnification x 40). 


Figure 2 Acetylcholine-Esterase-Histochemistry-staining of a rectal 
biopsy in a patient with ganglioneuromatosis in MEN2b. Note presence of 
hyperplastic submucosal ganglions and hypertrophic cholinergic fibres (original 
magnification x 20). 


97% to diagnose HD [18] . Furthermore contrast enema is 
usually not conclusive in the attempt to clearly estimate 
the length of the transition zone in HD [19] . 

Anorectal manometry (ARM) could be performed 
in each age group to assess the rectoanal inhibitory 
reflex. Absent rectoanal inhibitory reflex indicates HD. 
Sensitivity and specificity of ARM is 91% and 94% [18] . 

Rectal biopsies are the gold standard for the final 
diagnosis of severe motility disorders, especially 
Hirschsprung disease [20] . Routine staining methods are 
hematoxylin-eosin (HE) and Acetylcholine-Esterase- 
Histochemistry (AChE). Recent studies revealed that 
several new immunohistochemical markers, i.e., 
calretinin, peripherin and S-100, are useful for the 
diagnostic of rectal biopsies [21,22] Especially calretinin 
allows the staining of formaldehyde fixed specimen which 
enables reference pathology on the respective specimen. 

Typical and therefore pathognomonic findings at 
the specimen are the absence of ganglion cells and the 
presence of hypertrophic AChE-positive fibers within 
the submucosal and mucosal layers of rectal biopsies 
in patients with HD (Figure 1) [6] . Serial biopsies are 
required to define the length of the aganglionic bowel 
segment. Rectosigmoid disease is the most frequent 
form of HD (up to 90%). Rarely, patients suffer from 
total colonic or even total intestinal aganglionosis. At 
the present time, genetic investigations do not play an 
important role in the clinical management of HD but 
point towards further valuable research. 

Hypoganglionosis is a disease that is not easily 
diagnosed, even in rectal biopsies. The use of full¬ 
thickness biopsies and the careful interpretation by 
an experienced pediatric pathologist are necessary [6] . 
Severe cases of hypoganglionosis that possibly require 
segmental resection must be evaluated using serial 
biopsies. 

A histological finding of ganglioneuromatosis is 
a hyperplastic submucosal and myenteric plexus 
containing an increased number of ganglion cells, 
glial cells and nerve fibres (Figure 2) [23] . The diagnosis 


of MEN type 2b should to be evaluated by a genetic 
investigation, and the analysis should show the specific 
mutations of the codon 918 in RET exon 16 (95% of 
MEN2B patients) 1241 . 

Clinical symptoms and typical radiological signs 
usually make the diagnosis of CIPO. Previous histo¬ 
logical studies have revealed distinct abnormalities in 
the enteric nervous system, intestinal smooth muscles 
(visceral neuropathy) and ICCs, which might also be a 
secondary phenomenon [1] . 


MANAGEMENT 

Management of chronic functional constipation is 
conservative and, in nearly all cases, successful. 
The major components of the treatment are de¬ 
mystification, toilet training, diet and the careful use of 
laxatives [9] . 

The treatment of choice in HD is resection of the 
aganglionic bowel segment with preservation of the 
anal sphincter muscles. Recently established less 
invasive transanal surgical procedures might lead to 
better postoperative results and improved long-term 
outcome [25] . 

Severe cases of hypoganglionosis also require 
surgical treatment comparable to that of HD. 

The diagnosis of ganglioneuromatosis in rectal or 
other intestinal biopsies requires additional studies to 
rule out MEN2B. Proven cases of MEN2B require an 
intermediate thyroidectomy. The intestinal symptoms 
of MEN2B should be treated conservatively as long as 
possible. Bowel resection and/or stoma creation are 
very rarely indicated [24] . 

Treatment of CIPO is primarily conservative, but 
surgery might be required. The surgical procedures 
carried out might be the creation of a catheterizeable 
stoma for antegrade bowel irrigation or other enter- 
ostomata. Furthermore, parenteral nutrition or even 
small bowel transplantation is required in severe 
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OUTCOME 

Appropriately treated functional constipation has a 
good prognosis, but it has to be taken into account 
that up to 20% of patients with chronic constipation 
continue to have symptoms until adulthood [27] . 

The classical form of rectosigmoid HD is amenable 
to a straightforward surgical correction. Intra- and/or 
postoperative complications are rare. Nevertheless, 
the long-term outcome after surgical treatment of HD 
is compromised in 20%-25% of patients still suffering 
from chronic constipation and/or enterocolitis even 
after complete resection of the aganglionic bowel 
including the transitional zone. Several conditions 
might be responsible for that phenomenon such as 
reduced numbers of ICCs in the ganglionic bowel [28] . 

CIPO is a chronic disease that produces a severe 
impact on the quality of life. The underlying malignant 
disease mainly determines the outcome of MEN2b. The 
gastrointestinal symptoms usually improve with time. 


CONCLUSION_ 

Pediatric intestinal motility disorders require careful 
and meticulous diagnostic measures to rule out 
significant underlying organic disease. There have 
been numerous advances in diagnostic methods 
and surgical treatment options, leading to a better 
outcome for the affected children. Nevertheless, 
further research in needed in the field of genetics for 
long-term treatment and transition of these diseases. 
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Abstract 

Increasing evidence of a link between inflammatory 
bowel disease (IBD) and adverse cardiovascular 
events has emerged during the last decade. In 2014, 
an important number of meta-analyses and cohort 
studies clarified the subtle dangerous liaisons between 
gut inflammation and cardiovascular pathology. The 
evidence suggests that patients with IBD have a 
significantly increased risk of myocardial infarction, 
stroke, and cardiovascular mortality, especially during 
periods of IBD activity. Some populations ( e.g ., women, 
young patients) may have an even greater risk. 
Current effective treatment of IBD is aimed at disease 
remission and seems to reduce cardiovascular risk in 
these patients. A beneficial effect was demonstrated 
for salicylates, but not for steroids or azathioprine. 
tumor necrosis factor-a antagonists, which are highly 
effective in the reduction of inflammation and in the 
restoration of the digestive mucosa, lead to conflicting 
cardiovascular effects, as they seem to reduce the 
risk for ischemic heart disease but increase the rate of 
cerebrovascular events. Future supplemental treatment 
strategies that may reduce the atherothrombotic risk 
during periods of IBD activity should be explored. 

Key words: Inflammatory bowel disease; Thrombotic 
events; Active disease; Cardiovascular risk; Anti-tumor 
necrosis factor-a 
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Core tip: New evidence from an important number 
of meta-analyses and cohort studies suggests that 
patients with inflammatory bowel disease (IBD) have 
a significantly increased risk of myocardial infarction, 
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stroke, and cardiovascular mortality especially during 
periods of active disease and particularly in some high- 
risk populations, such as women and younger patients. 
The current treatment paradigm, which is aimed at 
deep, sustained remission, might reduce cardiovascular 
risk in patients with IBD. Treatment strategies such as 
the supplemental administration of statins to reduce 
the atherothrombotic risk should be further explored. 


Filimon AM, Negreanu L, Doca M, Ciobanu A, Preda CM, 
Vinereanu D. Cardiovascular involvement in inflammatory 
bowel disease: Dangerous liaisons. World J Gastroenterol 2015; 
21(33): 9688-9692 Available from: URL: http://www.wjgnet. 
com/1007-9327/full/v21/i33/9688.htm DOI: http://dx.doi. 
org/10.3748/wjg.v21333.9688 


Inflammatory bowel disease (IBD) comprises two 
types of chronic intestinal disorders: Crohn's disease 
(CD) and ulcerative colitis (UC). 

Increasing evidence of a link between inflammatory 
bowel disease and adverse cardiovascular events has 
emerged during the last decade. The association of 
IBD with an increased risk of venous thromboembolic 
disease is now clearly recognized and has been 
confirmed by many studies [1] . 

However, considerable heterogeneity was observed 
in the current study in regards to how IBD modifies 
the risk of arterial thromboembolic events, including 
cerebrovascular accidents (CVA), ischemic heart 
disease (IHD), and myocardial infarction (MI). The 
relationship of inflammatory bowel disease to heart 
failure (HF) is also uncertain. Two registry-based 
studies of approximately 17000 and 25000 patients 
with IBD, respectively, reported that the risk of MI 
in IBD patients was comparable to matched control 
subjects without IBD [2,3] . In addition, in a meta-analysis 
of 11 studies with a total of almost 14000 patients, no 
increase in cardiovascular mortality was observed in 
the IBD group compared with the control group [4] . 

In 2014, an important number of meta-analyses 
and cohort studies clarified these subtle dangerous 
liaisons between gut inflammation and cardiovascular 
pathology. 

A meta-analysis of publications in MEDLINE, the 
Cochrane Library, EMBASE as well as of international 
conference abstracts was conducted. It included all 
controlled observational studies that evaluated the 
incidence of venous and/or arterial thromboembolic 
events and cardiovascular mortality in adult patients 
with IBD. This analysis included 33 studies that 
enrolled 207814 IBD patients and 5774898 controls. 
The risk of thromboembolic events was increased 
in patients with IBD, which was mainly due to an 
increased risk of venous thromboembolism (VTE). 
No increased risk of arterial thromboembolism or 
cardiovascular mortality in patients with IBD was 


observed, but an increased risk for both ischemic heart 
disease and mesenteric ischemia was observed [5] . 

The exact etiology of the higher occurrence of 
thromboembolic events is not yet completely under¬ 
stood, although it seems that multiple acquired and 
inherited factors may be involved. In patients with 
IBD, a persistent latent activation of hemostasis 
exists in cases of both active and inactive disease and 
is implicated in thrombotic diathesis. The detailed 
mechanisms of this process were recently and ex¬ 
tensively presented in a comprehensive review. The 
mechanisms include the following: elevated levels 
of coagulation factors and products of thrombin 
and fibrin formation, increased markers of acquired 
vascular endothelial deficiencies, dysfunction of natural 
anticoagulants, defects in the fibrinolytic system 
and an elevated number of circulating platelets with 
increased platelet activation and an increased tendency 
for platelet aggregation^ 1 . 

In a recent cohort study that included 1708 patients 
(648 with CD, 1060 with UC) who were followed for 
35 years, the risk of venous thromboembolism was 
1.03 per 1000 patients-year. The cumulative risk of 
VTE 15 years after the diagnosis was 1.5%, which 
was similar for both CD and UC, and was significantly 
higher in males. The risk of VTE in patients with UC 
was associated with extensive location of the disease 
(OR = 3.25, 95%CI: 1.13-9.35), the presence of 
a fulminant episode during the disease course (OR 
= 4.15, 95%CI: 1.28-13.5), smoking (OR = 3.46, 
95%CI: 1.14-10.5) and the need for steroids (OR = 
2.97, 95%CI: 0.99-8.92). Similarly, in regards to CD, 
all but one patient with VTE were smokers [6] . 

In a recent study on global assays of coagulation 
and factor assays (procoagulant factor vm, von 
Willebrand factor), the authors demonstrated that 
acute severe colitis is a hypercoagulable disease state. 
Although this hypercoagulable profile improves over 
time, it is still present up to 8-12 wk after hospital 
admission compared with control patients with quie¬ 
scent, extensive UC [7] . 

Another systematic review and meta-analysis 
included cohort and case-control studies that reported 
incident cases of CVA and/or IHD in patients with IBD 
and compared them with a non-IBD control population 
(or they were compared with a standardized 
population). The presence of IBD was associated with 
a modest increase in the risk of CVA, especially among 
women and in young patients (< 40-50 years old). 
IBD was also associated with a 19% increase in the 
risk of IHD, also primarily in women. In this study, 
no association was observed between IBD and an 
increased risk of peripheral arterial thromboembolic 
events [8] . 

Very important data have resulted from a series 
of nationwide Danish population-based cohort studies 
that were recently published. 

In a cohort of 20795 patients with new-onset 
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Table t Cardiovascular risk in inflammatory bowel disease-the liaisons 


Study 

Results 


MEDLINE, Cochrane Library, EMBASE meta¬ 
analysis; 33 studies enrolling 207814 IBD patients 
and 5774898 controls 151 

Cohort study, 1708 patients (648 Crohn's disease, 

1060 ulcerative colitis), 35 yr follow-up [61 

Systematic review and meta-analysis 

9 studies 2424 CVA events in 5 studies and 6478 

IHD events 6 studies 181 

Cohort study, 20795 new onset IBD patients 

matched with 199978 controls 191 

Nation wide cohort study, 5436647 subjects without 

IBD or HF; follow up 11.8 yr 

23681 IBD patients developed IBD follow up 6.4 yr 

86790 Danish patients with first-time MI [11] 

Historical cohort study 2004-2010 1121 

Interventional catheterization database 

131 IBD patients and 524 matched controls 


Increased risk of venous thromboembolism 
Increased risk of both ischemic heart disease and mesenteric ischemia 
No increased risk of arterial thromboembolism 
No increased cardiovascular mortality 

A cumulative risk of venous thromboembolism after 15 yr after the diagnosis of 1.5% similar for 

both CD and UC 

Modest increase in the risk of CVA, especially among women and in young patients (< 40-50 yr old) 
19% increase in the risk of IHD, primarily in women also 
No increased risk of peripheral arterial thromboembolic events 
Overall increased risk of MI, stroke, and cardiovascular death 
Increased risk during flares 
37% increased risk of hospitalization for HF in IBD 
Increased risk during flares 

Increased risk of recurrent MI and for all-cause mortality especially during flares 
IBD patients had CAD at a younger age as compared with non-IBD patients 

IBD patients less likely to be active smokers and had a lower body mass index. No difference in 
post-PCI outcome in patients with IBD vs non-IBD controls with CAD 


CD: Crohn's disease; UC: Ulcerative colitis; IBD: Inflammatory bowel disease; CVA: Cerebrovascular accidents; IHD: Ischemic heart disease; HF: Heart 
failure; MI: Myocardial infarction; CAD: Coronary artery disease; PCI: Percutaneous intervention. 


IBD and a mean age of 40 years who were matched 
according to age and sex with 199978 controls, 
patients with IBD had an overall increased risk of MI, 
stroke, and cardiovascular death. During flares and 
persistent IBD activity the rate ratios of MI, stroke, and 
cardiovascular death were significantly increased [9] . 

The same Danish team showed that IBD is asso¬ 
ciated with an increased risk of hospitalization for HF 
and that this risk was strongly correlated with periods 
of active disease [10] . 

The effect of active IBD on major adverse car¬ 
diovascular outcomes after MI was studied in 86790 
Danish patients with a first-time MI between 2002 and 
2011. IBD was associated with hazard ratios of 1.21 
(95%CI: 0.99-1.49) for recurrent MI, 1.14 (95%CI: 
1.01-1.28) for all-cause mortality, and 1.17 (95%CI: 
1.03-1.34) for the composite end point. Compared 
with the non-IBD group, IBD flares in particular were 
associated with increased risks of recurrent MI and 
all-cause mortality, whereas no increased risk was 
identified during remission [11] . 

The correlation between IBD and coronary artery 
disease (CAD) was already confirmed in a smaller 
study, where IBD patients tended to have CAD at a 
younger age compared with patients without IBD; in 
addition, they were less likely to be active smokers and 
had a lower body mass index. However, in this study, 
the post-PCI outcome in patients with IBD and CAD 
was similar to that in controls with CAD but without 
concurrent IBD [12] . 

Only a few studies have addressed the impact 
of the use of anti-inflammatory drugs for the mana¬ 
gement of cardiovascular risk in patients with IBD 
(Table 1). 

One small longitudinal study included 14 patients 


with IBD who were treated with salicylates alone, 
11 subjects who were treated with steroids and 
azathioprine, 7 subjects who were treated with anti¬ 
tumor necrosis factor (TNF)-a, and 30 matched 
controls. The effect of therapy on pulse wave velocity 
(PWV) was measured at baseline and at 3.4 ± 0.5 
years later. In an adjusted model, carotid-femoral PWV 
increased significantly at follow-up in subjects with 
IBD who were treated with salicylates, but not in those 
who were treated with steroids and azathioprine or 
with anti TNF-a [13] . 

TNF-a antagonists have increasingly been used 
in the treatment of IBD, and they are highly effective 
in the reduction of the inflammatory burden and in 
mucosal healing in some patients. However, data on 
the potential impact of this anti-inflammatory effect on 
the risk of cardiovascular diseases (CVD) in the setting 
of IBD remain limited. Important evidence in regards to 
the role of anti TNF-a also comes from Denmark. With 
the same design of a nationwide, population-based 
cohort study, the authors addressed the risk of CVD, 
which was subdivided into ischemic heart disease (IHD) 
and cerebrovascular accidents (CVA), among patients 
with IBD who were followed for up to 11 years after 
exposure to TNF-a antagonists. The cohort consisted 
of 50756 patients with IBD, of whom 3109 had been 
exposed to TNF-a antagonists during 1999-2010. 
Thirty-one patients who were treated with TNF-a 
antagonists and 2641 patients who were not treated 
with TNF-a antagonists developed IHD. This yielded an 
adjusted HR of 0.85 (95%CI: 0.59-1.24), whereas the 
risk of CVA associated with TNF-a antagonists was 1.42 
(95%CI: 0.82-2.45). These suggest a protective effect 
of TNF-a antagonists on IHD, but at the same time, 
the use of TNF-a antagonists might be a risk factor for 
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Table 2 Cardiovascular risk and inflammatory bowel disease treatment 

Study 

Results 

Longitudinal study [13] 

14 IBD subjects treated only with salicylates, 11 subjects treated with steroids and 
azathioprine, 7 subjects treated with anti TNF-a, and 30 matched controls 
pulse wave velocity was measured at baseline and 3.4 ± 0.5 yr later 

Nationwide, population-based, cohort study, patients with IBD followed for up to 
11 years after exposure to TNF-a antagonists 

Cohort of 50756 IBD patients of whom 3109 had been exposed to TNF-a 
antagonists during 1999-2010 [14] 

Large retrospective study [15] 

1986 statin exposed and 9871 unexposed subjects with IBD 

Carotid-femoral pulse wave velocity increased significantly at 
follow-up in IBD subjects treated with salicylates. 

No increase of PWV in patients treated with steroids and 
azathioprine or anti TNF-a 

Protective effect of TNF-a antagonist on IHD 

TNF-a antagonists use might be a risk factor for CVA (increased 
trend, none of the values reached statistical significance) 

18% reduction in initiation of oral steroids 

Statistical significance for atorvastatin only 

Greater reduction in steroid use for UC patients and no reduction in 
Crohn's disease 

Reduce hazard of anti TNF-a use, surgery and hospitalization (no 
statistical significance) 


UC: Ulcerative colitis; IBD: Inflammatory bowel disease; CVA: Cerebrovascular accidents; IHD: Ischemic heart disease. 


CVA, although none of the values reached statistical 
significance. Therefore, further studies are necessary 
to clarify this issue [14] . 

The anti-inflammatory capacity of HMG-CoA- 
reductase inhibitors was evaluated in patients with IBD 
in a large retrospective study, which revealed an 18% 
reduction in the initiation of oral steroid use in patients 
with IBD (HR = 0.82; 95%CI: 0.71-0.94), and an 
even greater reduction in patients with UC (HR = 0.75; 
95%CI: 0.62-0.91). The beneficial effect of statins in 
patients with IBD and whether this effect is linked to 
their potential to decrease the risk of atherosclerosis 
and inflammation requires clarification in further 
studies [15] . 

These studies add considerable evidence to the 
existing literature as they confirm the substantial 
negative impact that IBD may have on cardiovascular 
outcomes. However, some variables lack statistical 
significance in the three studies, and thus we need 
further evidence regarding the use of steroids, the risk 
of VTE, IBD, and recurrent MI as well as exposure to 
anti TNF-a and CVA [6 ' n ' 14] . 

However, have these recent studies changed our 
treatment paradigm or do they confirm that we are 
on the correct path? Currently, our goal is to progress 
beyond deep sustained remission. 

The location, extension, activity, and severity of 
the inflammatory lesions and the potential existence 
of complications must be carefully evaluated in all 
patients at the time of diagnosis and throughout 
the course of the disease. This allows the selection 
of a targeted therapeutic strategy in a particular 
patient, and has important prognostic implications. 
An approach that uses endoscopic healing and tight 
control of inflammation based on the monitoring 
of symptoms and biomarkers is proposed. The 
observation of inflammatory activity is actively utilized 
throughout the disease course to optimize mana¬ 
gement. Certain high-risk populations (e.g., those with 
active disease, women, and young patients) should be 


counseled routinely on the modification of aggressive 
risk factors and adherence to the treatment guidelines. 


CONCLUSION 

New evidence suggests that patients with IBD have 
a significantly increased risk of MI, stroke, and 
cardiovascular mortality especially during periods of 
IBD activity. Some populations (e.g., women, young 
patients) may have an increased cardiovascular risk. 
Effective treatment of IBD that is aimed at disease 
remission may also reduce the cardiovascular risk 
in these patients. Treatment strategies, such as 
supplemental statin administration during periods of 
IBD activity, for the reduction of atherothrombotic risk 
should be further explored (Table 2). 
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Abstract 

Esophageal, gastric, and colorectal cancers are deadly 
diseases that continue to plague our world today. 
The value of screening endoscopy in evaluating these 
types of cancers is a critical area of discussion due to 
a potential reduction in morbidity and mortality. This 
article describes how to identify a good screening test 
and explains what are important criteria in the field of 
screening endoscopy. Furthermore, the current status 
and progress of screening endoscopy for esophageal, 
gastric, and colorectal cancer will be evaluated and 
discussed. Mass screening programs have not been 
implemented for esophageal and gastric carcinomas in 
those with average or low risk populations. However, 
studies of high-risk populations have found value and 
a cost-benefit in conducting screening endoscopy. 
Colorectal cancer, on the other hand, has had mass 
screening programs in place for many years due to the 
clear evidence of improved outcomes. As the role of 
endoscopy as a screening tool has continued to develop, 
newer technology and techniques have emerged to 
improve its utility. Many new image enhancement 
techniques and computer processing programs have 
shown promise and may have a significant role in the 
future of endoscopic screening. These developments 
are paving the way for improving the diagnostic and 
therapeutic capability of endoscopy in the field of 
gastroenterology. 

Key words: Endoscopic screening; Esophageal cancer; 
Gastric cancer; Esophagogastroduodenoscopy; Colon 
cancer 
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of discussion due to a potential reduction in morbidity 
and mortality. Studies have found value and cost-benefit 
in conducting screening endoscopy in esophageal 
and gastric cancer in high-risk populations. Colorectal 
cancer has had mass screening programs implemented 
for many years due to the clear evidence of improved 
outcomes. New innovations in technology have emerged 
and shown promise in playing a significant role in the 
future of endoscopic screening. These developments are 
paving the way for improving the diagnostic capability of 
endoscopy in the field of gastroenterology. 


Ro TH, Mathew MA, Misra S. Value of screening endoscopy 
in evaluation of esophageal, gastric and colon cancers. World J 
Gastroenterol 2015; 21(33): 9693-9706 Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v21/i33/9693.htm DOI: 
http://dx.doi.org/10.3748/wjg.v21.i33.9693 


INTRODUCTION 

Screening tests are important tools for health 
maintenance that have been around for the past 
half-century. Since its development, the number of 
screening tests has increased exponentially and it has 
sparked the creation of many innovative technologies. 
The purpose of screening is to catch early stages of 
disease and to delay or prevent further development 
of the disease course. In contrast to diagnostic tests, 
screening tests evaluate individuals that have a low 
pretest probability of a particular disease. These 
individuals are either asymptomatic or are at preclinical 
stages of their disease [1] . 

While evaluating the utility of a screening tool, 
several aspects need to be examined in order to 
support its validity and practical use. For a screening 
test to be effective, there needs to be a change in 
patient outcome with early detection of a disease. 
Standard measures of patient outcome include mor¬ 
bidity, mortality, and quality of life. Once a value for the 
test is established, a risk-benefit analysis is typically 
assessed, and then accuracy of the test is evaluated. 
Screening test accuracy is measured by sensitivity, 
specificity, and predictive value. Sensitivity is the 
ability of a test to detect positive results in patients 
with disease, while specificity is the ability of a test to 
detect negative results in patients without disease, and 
predictive value is the probability of a condition given 
by the result of a test. A good screening test will have 
high percentages in these categories. Cost analysis is 
one of the last measures to determine practicality and 
implementation on a larger scale. Implementation of 
a screening program must find a balance between the 
reduction in cancer mortality and the costs associated 
with screening and subsequent diagnostic evaluations 
due to false-positive results [2] . While there are many 
screening modalities used today, we will be discussing 
the efficacy of the screening endoscopy. 


In 1853, the French surgeon Desormeaux, coined 
the term "endoscope" to describe the instrument 
he created to inspect cavities of the body. Through 
this illumination device, Kusmaul performed the first 
esophagoscopies in 1867-1868 [3] . Hollow tubes and 
spatulas connected to illumination sources were the 
main way esophagoscopies were first performed. 
Years later the light source was incorporated into the 
endoscopes, which was followed by the creation of 
the semi-flexible gastroscope by Wolf and Schindler 
in 1930. Due to the development of very transparent 
optical quality glass, Basil Hirschowitz and Larry 
Curtiss were able to build the flexible fiber optic 
endoscope in 1958 [4] . The flexible endoscope depends 
on delivering light and transmitting the image along 
bundles of chemically treated glass fibers. Initially, the 
endoscopist viewed the image through an eyepiece 
on the instrument, but eventually a video system 
was incorporated into the scope, which led to the 
videoscopes used today [5] . While the basic structure 
has remained the same, there have been advances 
in technology that have led to the development of 
new endoscopic techniques. These developments 
are paving the way for improving the diagnostic and 
therapeutic capability of endoscopes in the field of 
gastroenterology. We will be discussing the value of 
screening endoscopies in the evaluation of esophageal, 
gastric, and colon carcinomas. 


ESOPHAGEAL CANCER ENDOSCOPIC 

SCREENING 

Epidemiology 

In 2012, there was an estimated 455800 new cases of 
esophageal carcinoma and 400200 deaths worldwide [6] . 
Esophageal carcinoma is the eighth most common 
cancer and sixth leading cause of cancer related 
deaths [7] . While other types of cancer are expected 
to decrease in incidence over the next 10 years, the 
prevalence of esophageal cancer is expected to increase 
by 140% by the year 2025 [7] . The predominant 
esophageal cancer in North America and Europe is 
esophageal adenocarcinoma (EA), while esophageal 
squamous-cell carcinoma (ESCC) is the predominant 
type in Asia, Africa, and South America [8] . The highest 
risk area is referred to as the "esophageal cancer belt" 
and runs from Northern Iran to North-Central China [6] . 

Risk factors 

Obesity and gastroesophageal reflux disease are the 
key risk factors for EA, with Barrett's esophagus as the 
precursor lesion in the majority of cases. Alcohol and 
tobacco are the leading risk factors for ESCC in Western 
countries, with esophageal squamous dysplasia as the 
precursor lesion. The risk factors in high-risk areas 
of Iran and China are not fully established, but are 
associated with poor nutritional status, low intake of 
fruits and vegetables, and drinking beverages at high 
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Table 1 Accuracy of endoscopic modalities in esophageal carcinoma, which reveal the efficacy of endoscopic screening 


Type of study BE/ESCC Patient group Disease Accuracy of screen (%) 

prevalence (%) 

Endoscopic screening 


Prospective 

ESCC 

Asymptomatic; Linxian, China 

ESCC: 9.5 

Relative risk of ESCC: 2.9/9.8/28.3 (mild/moderate/sever 
dysplasia); 34.4 (carcinoma in situ) 

Prospective ESCC 

Ultrathin endoscopes 

Asymptomatic; Linxian, China 

Not determined 

Sensitivity/ specificity for high-grade dysplasia or ESCC: 62/79 
(visible lesions); 96/ 63 (unstained lesions) 

Randomized 

crossover 

BE 

GERD; United States 

Not determined 

Sensitivity: 26/30 (standard/small caliber endoscopy) 

Randomized 

crossover 

Capsule endoscopy 

BE 

BE and controls; United Kingdom 

Not determined 

Sensitivity/specificity small vs standard caliber: 100/100 

Prospective 
single screen 

BE 

GERD and under surveillance BE; 

United States 

Not determined 

Sensitivity/specificity for BE: 67/84 

Prospective 
single screen 

BE 

GERD; United States 

Not determined 

Sensitivity/specificity for BE: 60/100 

Prospective 
single screen 

BE 

GERD; United States 

Not determined 

Sensitivity/ specificity for BE: 78/82 (visual lesions); 93/78 (biopsy) 


Adapted from Lao-Sirieix et al [u] . BE: Barrett's esophagus; ESCC: Esophageal squamous cell cancer; GERD: Gastro-esophageal reflux disease. 


temperatures [6] . There is a higher risk of both types of 
esophageal cancer with high intake of fats, red meats, 
and processed foods. Adenocarcinoma is three to four 
times more common in men, and the incidence of both 
types of esophageal carcinoma increases with age [8] . 

Current screening methods 

Early detection of esophageal carcinoma through 
cytological and endoscopic screening methods has 
been primarily concentrated in countries where there 
is a high incidence [9] . Endoscopy is the gold standard 
for diagnosing esophageal cancer and precancerous 
lesions. The standard esophagogastroduodenoscopy 
(EGD) uses a small chip camera and a non-coaxial optic 
fiber system to carry white light down the oropharynx 
to examine different levels of the gastrointestinal 
mucosa. Other screening methods such as cytological 
examination and molecular markers have been 
studied, but endoscopy with biopsy and iodine staining 
remains as the diagnostic choice to detect esophageal 
squamous dysplasia [10] . Endoscopy with iodine staining 
(Lugol's solution) is known as chromoendoscopy. The 
normal squamous epithelium of the esophagus contains 
abundant glycogen, which the iodine stains brown. 
Abnormal mucosal lesions such as squamous dysplasia 
and carcinoma in situ remain unstained due to the 
low glycogen content [10] . Lao-Sirieix et a/ [11] discuss 
the accuracy of endoscopic modalities in esophageal 
carcinoma, which reveal the efficacy of endoscopic 
screening (Table 1). 

Utility of endoscopic screening 

Chromoendoscopy has been studied in various countries 
with high-risk populations. In a high-risk population of 
ESCC in Linxian, China, standard white light imaging 
(WLI) was used to detect severe dysplasia or cancer 
with a sensitivity of 62% and specificity of 79%, 


while chromoendoscopy had a sensitivity of 96% 
and specificity of 63% [12] . In Japan, a study stratified 
Japanese men into high risk and low risk groups based 
on diet, drinking, and smoking. Chromoendoscopy 
resulted in a diagnosis of esophageal carcinoma in 
0.86% of the subjects. The detection rate was 4.27% in 
the high-risk group, as opposed to 0.67% in the lower 
risk groups [13] . A study of a high-risk population in the 
Henan Province of China detected precancerous lesions 
in 46.6% of the subjects through chromoendoscopy, 
and 2.42% were cancerous. Among those diagnosed 
with cancer, 84.5% were in the early stage [14] . These 
studies convey that in high-risk populations for 
esophageal carcinoma, there is value in implementing 
endoscopic screening for early detection and treatment 
of esophageal carcinoma. The effect of screening 
endoscopy on morbidity and mortality in esophageal 
carcinoma is an area that needs to be further studied. 

Cosf analysis 

Evaluating the cost effectiveness of screening en¬ 
doscopy is difficult due to the variability in costs and 
services in different countries. There is not enough 
evidence to implement a mass-screening program in 
the United States due to the low incidence of disease. 
However, in areas with high-risk populations, there may 
be value in implementing such screening measures. 
Yang et a/ 15] found that screening in high risk areas of 
China, and subsequent early diagnosis and treatment, 
provide great cost savings due to the much lower cost 
of screening compared to the cost of multimodality 
treatment of invasive esophageal carcinoma with 
endoscopic mucosal resection, esophagectomy, 
radiotherapy, or chemotherapy. In another study in 
high-risk areas of China, chromoendoscopy screening 
resulted in substantial net price values and high benefit- 
cost ratios [16] . Other factors must still be considered, 
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Figure 1 Differences in white light imaging from narrow-band imaging. A: White light imaging (WU) displays an erythematous area in the posterior wall of the 
hypopharynx (white arrow); B: Magnifying WU reveals a minimally erythematous patch with tiny microdots (white arrow): C: Narrow-band imaging (NBI) locates a 
distinct brown lesion in the posterior wall of the hypopharynx (white arrow); D: Magnifying NBI also demonstrates a distinct brown lesion with microdots that can be 
distinguished from the healthy mucosa surrounding it (white arrow) 1201 . 


such as the frequency of screening, the invasive nature 
of endoscopy with its accompanying complications, and 
health resource status. 

Novel techniques and technology 

Early diagnosis of esophageal cancers are difficult to 
make due to minimal morphological changes noted on 
visualization. Therefore, targeted biopsies for precise 
histological diagnosis requires better endoscopic 
sensitivity rates. Novel techniques and technology in 
this field have shown significant potential to improve 
screening utility for esophageal cancers [17] . 

Narrow band imaging 

Narrow-band imaging (NBI) is an endoscopic imaging 
technique that displays microstructures and capillaries 
in the superficial mucosal layer by using optical filters 
that narrow the respective red-green-blue bands, 
while simultaneously increasing the relative intensity 
of the blue band. In theory, this allows the physician to 
distinguish tissue surfaces much easier and optimizes 
the ability to diagnose a cancerous lesion [18] . Kara et 
a/ [19] found that the sensitivity for detecting high-grade 
dysplasia or early cancerous lesions was 93% and 
86% for indigo carmine chromoendoscopy and narrow 
band imaging, respectively. Muto et a/ [20] compared 
NBI with conventional WLI to detect superficial ESCC 
lesions in patients with head and neck cancer. They 


found that NBI detected cancer more frequently 
than WLI (97% vs 55%, P < 0.001, respectively) 
with a sensitivity of 97.2%, specificity of 42.1%, and 
accuracy of 88.9% compared to 55.2%, 63.2%, and 
56.5% with WLI, respectively. Yokoyama et a/ 21] found 
that the sensitivity of NBI was superior to WLI and 
equivocal to chromoendoscopy (92% vs 42%, P < 
0.05, 92% vs 100%, NS) and specificity of NBI was 
equivalent to WLI (89% vs 94%, NS). Images adapted 
from Muto et a/ 20] , above, illustrate the differences in 
WLI from NBI (Figure 1). 

Video capsule endoscopy 

The videocapsule endoscopy system includes a wire¬ 
less capsule that contains a video camera, a sensing 
system, and a personal computer workstation. Studies 
have shown that the Pillcam esophageal video cap¬ 
sule has good sensitivity and specificity in detecting 
abnormalities in the esophagus, including Barrett's 
esophagus [22] . Domingos et a/ [23] assessed the use of 
esophageal capsule endoscopy (ECE) with methylene 
blue chromoendoscopy and found that the sensitivity, 
negative predictive value, and accuracy were 100%, 
100%, and 79%, respectively for detecting esophageal 
lesions suspicious of cancer. ECE is still not as widely 
used as the standard chromoendoscopy with biopsy, 
but it is an acceptable and sensitive method to detect 
esophageal abnormalities. 
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Table 2 Different screening modalities 


Modality 

Sensitivity (95%CI) 

Specificity (95%CI) 

PPV (95%CI) 

NPV (95%CI) 

Accuracy (95%CI) 

WL 

47.3% 

97.4% 

79.4% 

89.8% 

88.7% 

NBI 

84.2% 

95.6% 

80.0% 

96.6% 

93.6% 

Lugol 1 

93.0% 

90.7% 

67.9% 

98.4% 

91.1% 

NBI or Lugol 

94.7% 

90.4% 

67.5% 

98.8% 

91.1% 

NBI or Lugol 

82.6% 

95.9% 

81.0% 

93.6% 

93.6% 


Tugol is iodine staining solution used in chromoendoscopy. Adapted from Wang et al [26] . 


Autofluorescence endoscopy 

This method provides real-time fluorescent images 
provided by adding a fluorescent agent to the standard 
endoscope using an image-processing module. This 
provides cellular and histological details of the tissue, 
aiding in detection of mucosal lesion [24] . Uedo et 
al [17] studied the use of videoendoscopy system with 
autofluorescence and reflectance imaging, which had a 
100% detection rate of superficial esophageal cancers. 
The autofluorescence imaging (AFI) revealed flat or 
isochromatic extensions that were not detected by 
WLI. Lopes and Fagundes [25] discussed how AFI had 
a higher sensitivity than WLI in detecting superficial 
esophageal lesions (79% vs 51%, respectively), but its 
accuracy was worse than chromoendoscopy or NBI. 

Ultrathin transnasal endoscopy 

Another advance in technology is the use of transnasal 
endoscopy (TNE), which has the advantages of 
a small caliber device, ability for insufflation and 
biopsy, no need for sedation, and use with NBI and 
chromoendoscopy. Wang et a/ [26] compared the 
different screening modalities (Table 2) and found 
that unsedated TNE is a safe and reasonable option 
for esophageal screening. They found that TNE had a 
detection rate of ESCC and high-grade intraepithelial 
neoplasms of 10.1% and 7.3%, respectively, with 
mean procedure duration of 14.6 min. Arantes et a/ 27] 
studied the feasibility and tolerance of TNE in Brazilian 
patients undergoing esophageal screening. TNE was 
feasible in 99.1%, with an ESCC detection rate of 
12.7%, and 92% of patients rated the discomfort 
as absent or minimal. They found no difference 
between WLI (sensitivity 92.3%, specificity 98.9%, 
accuracy 98.1%, area under curve 0.995) and digital 
chromoendoscopy [flexible spectral imaging color 
enhancement (FICE)] (sensitivity 100%, specificity 
98.9%, accuracy 99%, area under curve 0.956) for 
detection of esophageal neoplasms. The ability to 
avoid sedation could be a significant advantage of TNE 
by decreasing complications. 


GASTRIC CANCER ENDOSCOPIC 
SC REENIN G 

Epidemiology 

With the aging population, the burden of cancer con¬ 


tinues to grow and remains one of the most difficult 
disease groups to cure. Gastric cancer is the third 
leading cause of cancer death worldwide, following 
lung and liver cancer. There was an estimated 951600 
new gastric cancer cases and 723100 deaths that 
occurred in 2012 [6] . However, gastric cancer rates 
have substantially declined in recent years. Studies 
have shown that this decline is due to refrigeration, 
less processed foods, and the availability of fresh 
produce [28] . In addition, the dramatic reduction of 
Helicobacter Pylori infections and the implementation 
of endoscopic screening in high-risk populations have 
also played a critical role in this decline [29] . 

Risk factors 

Gastric cancer has distinct geographical and soci¬ 
oeconomic differences in distribution. Much of these 
differences are due to specific ethnic diets that result in 
continuous inflammation of the gastric lining. Diets high 
in salt, processed foods, nitroso compounds, and low 
in fruits, vegetables, and fiber are at increased risk of 
epithelial cell damage and pre-cancerous lesions [30 " 32] . 
Another major contributor to gastric cancer is H. pylori 
infections. They are the most common cause of gastritis 
and evidence suggests an approximate six-fold increase 
in the risk of gastric adenocarcinomas [33] . Other major 
risk factors include atrophic gastritis, gastric surgery, 
obesity, smoking, and genetic predisposition [34] . 

Current screening methods 

The implementation of endoscopic gastric cancer 
screening has been limited to high-risk populations. 
Several countries including Venezuela, Chile, and 
East Asian countries such as China and Japan have 
implemented a variety of screening programs. In 2001 
the Korean Gastric Cancer Association and National 
Cancer Center established nationwide endoscopic 
screening guidelines to the general populous in the 
Republic of Korea. The guidelines recommended 
biennial endoscopy or upper gastrointestinal series 
(UGIS) in men and women aged 40 years or older [35] . 
Several other screening methods for the early de¬ 
tection of gastric cancer include serum pepsinogen, 
serum gastrin-17, and Helicobacter pylori antibody 
testing. Endoscopic studies have shown the highest 
detection rates amongst the screening tests and 
have universally been used as the gold standard for 
diagnosis. Upper GI series has continuously been 
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Distribution of gastric cancer stage 
by EGD screening intervals 



Interval (yr) 

Figure 2 Diagnosis of stage IV gastric cancer increased substantially 
when the screening intervals extended beyond 3 yr. Adapted from Nam et 
a/ 411 . EGD: Esophagogastroduodenscopy. 

analyzed as a rivaling modality for cancer detection 
but has not shown clear benefits over endoscopy [36] . 


UTILITY OF ENDOSCOPIC SCREENING 

Mortality rate evaluation 

There has been considerable evidence that those with 
early gastric cancer who undergo surgical treatment 
have an excellent prognosis [37,38] . However, there is 
a dramatic drop off in prognosis with the advanced 
stages of gastric cancer [39] . In Table 3 [40] , the 5-year 
survival rates, by stage, for stomach cancer treated 
with surgery are provided by the National Cancer 
Institute's SEER database. 

A large cohort study done at the Korean National 
Cancer Center in Goyang, Korea discussed the relation¬ 
ship of gastric cancer stage and endoscopic screening 
intervals. Based on their findings, a significant benefit 
was observed in all screened subjects compared to 
those who were never screened, and they found that 
it was optimal to screen at intervals of 2 or 3 years. 
From Figure 2, it is evident that the diagnosis of stage 
IV gastric cancer increased substantially when the 
screening intervals extended beyond 3 years [41] . 

There are very few studies on the mortality re¬ 
duction rates with the use of endoscopic screening 
programs. However, Hamashima et al [42] conducted 
a case-control study evaluating mortality rates of 
those screened and not screened for gastric cancer. 
Case subjects were defined as those who had died 
of gastric cancer in a certain time period. Control 
subjects were required to be disease-free at the time 
when the corresponding case subjects were diagnosed 
with gastric cancer. Compared with those who had 
never been screened before the date of diagnosis of 
gastric cancer in the case subjects, the odds ratios 
within 36 mo from the date of diagnosis were 0.695 
for endoscopic screening. Although the study admits 
bias limitations, the results suggested a 30% reduction 
in gastric cancer mortality by endoscopic screening 


Table 3 Five-year survival rates by stage for stomach cancer 
treated with surgery 

Stage 


5-year observed survival rate 

Stage I A 



71% 


Stage I B 



57% 


Stage HA 



46% 


Stage IIB 



33% 


Stage IE A 



20% 


Stage DIB 



14% 


Stage Die 



9% 


Stage IV 



4% 


Adapted from National Cancer Institute's SEER database 1401 . 

Table 4 

Endoscopy used in cancer screening 


Ref. 

Number of 

Sensitivity 

Specificity 

PPV 


Subjects 




Hamashima EGD: 7388 

88.60% 

85.10% 

5.50% 

etal m , 2013 

(69.8-97.6) 1 

(84.3-85.9) 1 

(4.3-7.0) 1 


Upper GI 

83.10% 

85.60% 

4.30% 


series: 5410 

(58.6-96.4) 1 

(84.6-86.5) 1 

(3.4-5.2) 1 

Choi 

EGD: 924822 

66.90% 

96.20% 

5.30% 

et flZ [43,45] , 


(59.8-74.0) 1 

(95.7-96.7) 1 

(4.8-5.9) 1 

2011 

Upper GI 

27.30% 

96.60% 

1.30% 


series: 1765909 

(22.6-32.0) 1 

(96.3-97.0) 1 

(1.1-1.6)* 


lr The 95% confidential intervals are given in parentheses 1351 . Adapted from 
Choi et ol m . 


compared to no screening at all. 

Test accuracy 

Esophagogastroduodenscopy (EGD) and UGIS have 
been the main screening tools for gastric cancer. 
However, there has historically been some debate as 
to which test is more effective. Two newer studies 
by Hamashima et al [42] and Choi et a/ [43] show a 
comparison of sensitivity, specificity, and positive 
predictive value (PPV) of these two modalities. Although 
there were some differences in sensitivity and specificity 
between the two studies, the conclusions were similar. 
The studies suggest that endoscopy is the better 
test for gastric cancer screening due to its superior 
performance and high detection rate. Table 4 displays 
the comparative values [35,43 " 45] . 

Cost analysis 

Again, the analysis of cost effectiveness is a difficult 
evaluation to make due to the lack of consistency and 
prices in different world markets. However, in most 
high-risk populations, such as Singapore, Japan, and 
Korea, endoscopy was found to be the most cost- 
effective screening method using incremental cost- 
effective ratio (ICER) analysis [35] . Additionally, in several 
other Korean studies, screening endoscopy was also 
found to be more cost-effective than no screening done 
at all [35] . In low-incidence rate populations, such as the 
United States, there is not convincing evidence for a 
nationwide screening program. Gupta eta/ 46] concluded 
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Table 5 Risk factors and proposed screening recommendations for gastric cancer ’ 

Risk factors 

Risk for developing gastric cancer 

Recommendation 

First author 

Helicobacter pylori infection 

Odds ratio (OR): 2.3 

High risk area - mass screening possible benefit 
Low risk area - mass screening not cost-effective 

Huang, 1998 

Pernicious anemia 

Standardized incidence ratio: 5 

Screening by upper endoscopy (UE) recommended 

Kokkola, 1998 

Partial gastrectomy 

15-24 yr, RR = 9.4 

Screening by UE recommended 

Lundegardh, 1988 


25-46 yr, RR = 55.6 


Tersmette, 1991 

Familial adenomatous polyposis 

Not available 

Screening by UE recommended 

Alexander, 1989 

Hereditary nonpolyposis colorectal cancer 

Not available 

Screening by UE recommended 

Aarnio, 1997 

Positive family history of gastric cancer 

OR: 2.5-5.1 

HP eradication +/- UE screening 

Yatsuya, 2004 




Chen, 2004 


Adapted from Chan et al m . 


that ICER remains high for upper GI screening and 
would not be a cost effective program in the United 
States. A separate study by Yeh et a/ 47] also concluded 
that endoscopic surveillance would not be cost-effective. 
However, the study suggested that immigrants from 
high-risk countries for gastric cancer might have a 
cost benefit. Although ethnic implications are not 
included, Table 5 constructed by Chan et a/ 48] displays 
recommendations of endoscopic screening according to 
different risk factors. 

Novel techniques and technology 

In recent years there have been new techniques and 
technology that have showed significant promise in 
improving early gastric cancer diagnosis. Autofluorescence 
endoscopy and narrow-band imaging are some of the 
leading areas of technological development. 

Autofluorescence endoscopy 

Much like its use in esophageal cancer screening, 
autofluorescence imaging (AFI) is a newer concept 
that uses the natural tissue fluorescence emitted by 
endogenous molecules (fluorophores) after excitation by 
light to produce real-time images. Therefore, using the 
differences of fluorophore concentration, metabolic state, 
and spatial distribution allows the physician to identify 
irregular lesions [49] . A pilot study from Japan compared 
the results of detecting gastric cancer lesions with AFI vs 
conventional EGD in experienced and less experienced 
endoscopists. While there wasn't significant change in 
efficacy for the experienced endoscopists, for the less 
experienced endoscopists AFI substantially improved 
sensitivity of detecting neoplastic lesions. However, there 
was insignificant improvement in specificity and accuracy. 
A major reason for a lack of specificity was because the 
AFI was unable to distinguish cancerous lesions from 
inflammatory and hyperplastic changes. Nonetheless, the 
study argues that the primary objective in early gastric 
cancer screening should be higher sensitivity rather than 
diagnostic accuracy. Though there hasn't been definitive 
evidence of significant benefit, especially in experienced 
endoscopists, high-risk populations that already follow 
screening guidelines might consider implementing AFI 
over white light endoscopy to improve sensitivities [50] . 


Images adapted by the pilot study from Tada et a/ 50] , 
demonstrate AFI's limited role in certain lesions and 
benefit in others (Figure 3). 

Ultrathin transnasal endoscopy with narrow-band 
imaging 

Ultrathin transnasal endoscopy, as the name implies, 
is a much thinner scope that has fallen into favor 
over the conventional white-light imaging EGD due 
to decreased procedural discomfort and minimal 
effects on the circulatory system. However, since 
the endoscope is much thinner, there has historically 
been a sacrifice to the optical resolution, resulting 
in decreased detection rates. The development of a 
new ultrathin non-magnifying transnasal endoscope, 
the GIF-XP290N (Olympus Medical System, Tokyo, 
Japan), has been documented to provide better details 
and improved diagnostic utility. Many studies have 
determined that the use of narrow band imaging with 
this scope has demonstrated significant diagnostic 
usefulness. However, it has not shown reliability in 
predicting depth of invasion [51] . Therefore, the use of 
these scopes have been considered limited in its role 
for gastric cancer T staging. The Kawai et a/ [52] study 
showed that NBI examination using the new ultrathin 
endoscope yielded a sensitivity of 87.5%, specificity 
of 93.2%, and accuracy of 92.3%. Whereas WLI 
examination yielded a sensitivity of 50.0%, specificity 
of 63.6%, and accuracy 61.5%. Although it may have 
poor staging utility, the benefits of ultrathin transnasal 
endoscopy with narrow-band imaging are improving 
and can soon become the standard technique for 
diagnosing gastric cancer. 


COLORECTAL CANCER ENDOSCOPIC 
SCRE ENING 

Epidemiology 

Colorectal cancer (CRC) is the third leading cause of 
cancer death in the United States and is a prevalent 
disease that accounted for an estimated 1.4 million 
cases and 693900 deaths worldwide in 2012. The 
most recent cancer data suggests that the mortality 
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Figure 3 Autofluorescence imaging’s limited role in certain lesions and benefit in others. A: White light imaging (WU) displays a red lesion with a slightly 
depressed area on the bottom right corner (white arrow); B: Autofluorescence imaging (AFI) does not demonstrate a distinct lesion that can be ruled neoplastic; C: 
WU made it difficult for the endoscopists to identify the isochromatic flat lesion: D: AFI displays a well-marked lesion with slightly raised borders (white arrows) 1501 . 


rates for colorectal cancer are trending down and are 
likely due to colorectal cancer screening, diminished 
risk factors, and improved treatment options [6,53] . 

Risk factors 

Environmental influences and hereditary conditions 
are the primary risk factors for CRC. Inflammation 
of the large bowel result in the most substantial 
increases in risk for CRC and many of these diseases 
are inherited. To name a few, familial adenomatous 
polyposis, lynch syndrome (hereditary nonpolyposis 
colorectal cancer), or a family history of these diseases 
have shown to have very high risk of CRC [54] . Other 
conditions that also increase risk include ulcerative colitis, 
Crohn's disease, diabetes, and patients who received 
abdominal radiation in the past. After inflammatory 
bowel conditions, there has been substantial evidence 
that sedentary lifestyles and poor food choices have 
led to increased risk. Many describe these attributes as 
the "western lifestyle", and have studied its detrimental 
effects in the body. Studies show that an active lifestyle 
with a diet high in nutrients, fruits, and vegetables are 
protective to the large bowel mucosa [55,56] . 

Current screening methods 

The 1970s to 1990s marked an era of some of the 
greatest advancements in GI endoscopy. In those 
20 years, the medical world saw the first utilizations 
of ERCP, endoscopic sphincterotomy, endoscopic 
ultrasound, and colonoscopies [57] . Eventually, researches 


began to observe the benefits of colonoscopy as 
a screening tool and started to seriously consider 
implementation of its use globally. In the United 
States, the American College of Gastroenterology 
was the first organization to recommend colonoscopy 
as the preferred standard for CRC screening, which 
was subsequently endorsed by the American Society 
for Gastrointestinal Endoscopy and the National 
Comprehensive Cancer Network. These recom¬ 
mendations were quickly followed by the American 
Cancer Society in 1997 and the US Multi-Society Task 
Force in 2003 with a "menu of options" approach. This 
approach offered several options for screening and left 
it to the patients and physicians discretion to choose 
which method was preferred [58] . 

Today, screening for colorectal cancer is still 
offered in a "menu of options" approach and is largely 
influenced by two major United States guidelines: 
the Multi-Society Task Force and the US Preventative 
Services Task Force (USPSTF). The latest guidelines 
were released in 2008 and the two organizations 
have agreeing recommendations. These guidelines 
recommend the following options as acceptable 
choices for endoscopic colorectal cancer screening 
in average-risk adults between the age of 50 to 75: 
colonoscopy every 10 years, flexible sigmoidoscopy 
every 5 years, annual fecal occult blood test, computed 
tomography colonography every 5 years, annual 
fecal immunochemical test, and stool DNA testing 
(cologuard). Other than colonoscopy the remaining 
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Table 6 Colorectal cancer screening guidelines for the United 
States 

Guidelines for screening for the early detection of colorectal cancer and 

adenomas for average-risk women and men aged 50 yr and older 

Test 

Interval 

Tests that detect adenomatous polyps and cancer 


FSIG with insertion up to 40 cm from anal 

Every 5 yr 

verge or to splenic flexure 


Colonoscopy 

Every 10 yr 

DCBE 

Every 5 yr 

CTC 

Every 5 yr 

Tests that primarily detect cancer 


gFOBT 

Annual 

FIT 

Annual 

sDNA 

Interval uncertain 


Adapted from Levin et al [59] . FSIG: Flexible sigmoidoscopy; DCBE: Double¬ 
contrast barium enema; CTC: Computed tomography colonography; 
gFOBT: Guaiac-based fecal occult blood test; FIT: Fecal immunochemical 
test; sDNA: Stool DNA test. 

screening modalities will not be further discussed in this 
review article. Table 6 provides the colorectal cancer 
screening guidelines for the United States [59,60] . 

Utility of endoscopic screening 

Since most colorectal cancers develop from pre- 
cancerous polyps, it is important to detect these 
polyps early with colonoscopy. With early detection 
and removal of these polyps, it reduces the risk of 
developing colorectal cancer by up to 90 percent. 
In addition, early detection of cancer that is already 
present in the colon or rectum lead to better treatment 
outcomes and reduced chance of metastasis. There 
are several risks involved with the procedure, including 
severe bleeding or a tear in the intestinal wall. 
However, these risks are minimal and are usually avo¬ 
ided by sound clinical judgment [58,61,62] . 

Novel techniques and technology 

Early detection and management is crucial for good 
prognosis in colorectal cancer. Unfortunately, several 
studies have shown close to 20% of adenomas are 
missed during colonoscopies [63,64] . In order to improve 
visualization and increase the adenoma detection rates, 
there have been many advancements in endoscopic 
techniques and technology. Like all other endoscopy 
screens, the results of these new techniques are 
operator-dependent and vary according to the skills and 
experience of the physician performing the endoscopy. 

High definition colonoscopy 

One of many attempts to improve functionality was 
to have better quality images with high definition 
(HD) colonoscopy. This was a simple enhancement 
of resolution with refined images displayed by the 
scope. There has been mixed results with the use 
of HD colonoscopies. However, a meta-analysis of 
HD colonoscopy compared to standard colonoscopy 


showed a slight increase of 3.5% (95%CI: 0.9%-6.1%) 
for adenomatous polyp detection [65] . Therefore the 
use of HD endoscopies combined with other image 
enhancement techniques have been in favor compared 
to HD enhancements alone. 

Wide angle colonoscopies 

In addition to quality images, another idea to improve 
detection rates was to widen the view of the camera 
in order to reduce blind spots. Wide angle and full 
spectrum colonoscopy are several techniques that 
were developed to accomplish this. The standard 
colonoscope allows 140 degrees of viewing angle. 
In comparison, the wide angle (WA) colonoscope 
reveals 170 degrees of forward viewing angle and the 
newer full spectrum endoscopy (FUSE; EndoChoice, 
Alpharetta, GA, United States) uses 3 different 
cameras to expose 330 degrees of viewing. Based 
on several studies, the WA colonoscopy showed no 
benefits for polyp detection rates but had marginally 
reduced withdrawal times (4.9 min vs 5.4 min, P = 
0.0001). The FUSE technology, on the other hand, has 
a more promising outlook based on recent studies. 
In a 185 participant prospective, non-randomized 
study, there was significant decrease in adenoma 
miss rates compared to the standard forward-viewing 
colonoscope. Based on per-lesion analysis, the 
adenoma miss rate was 7% for the FUSE colonoscope 
and 41% for forward-viewing colonoscope (P < 
0.0001). However, there was a median withdrawal 
time delay of about 30 s compared to the traditional 
method [66] . This, we believe, is not too much of a delay 
for the benefit it may provide. 

Third-Eye retroscope 

Another new development of extended angle colon- 
oscopes is the Third-Eye Retroscope (TER; Avantis 
Medical Systems, Sunnyval, CA, United States, Figure 4). 
This disposable device is an add-on instrument that is 
passed through the channel of a standard colonoscope 
that will allow the physician to have an accessory 
retrograde view that complements the forward view of 
the colonoscope. Several studies have shown evidence 
of significant increases in polyp and adenoma detection 
rates. Polyps are defined as projections of tissue from 
the inner lining of the colon into the lumen of the colon. 
An adenoma is a type of polyp that has a different 
growth pattern, only distinguished by pathology, which 
usually has higher risk for cancer. Initial pilot studies 
showed that there was an 11.8% increased diagnostic 
yield for these lesions with TER. Furthermore, DeMarco 
et a/ 67] used a prospective, multicenter study to show a 
polyp detection rate (PDR) increase of about 14.8% (P 
< 0.001) and adenoma detection rate (ADR) increase 
by 16% (P < 0.001) compared to the traditional 
forward-facing scope. There was no evidence of 
significant increase in procedure time or complications. 
The most recent TERRACE study also concluded that 
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Figure 4 Third Eye Retroscope® attachment, extends out in its retroflexed 
position 1691 . 

the TER increases adenoma detection rate by visualizing 
areas behind folds [68] (Figure 4 [69] ). Thus far, the data 
suggests this instrument may be a safe and effective 
addition to screening endoscopies (Figure 5). 


Table 7 Different image-enhanced endoscopy 


Type Mode Mechanism of contrast 

(solution/instrument) 


Dye-based IEE (chromoscopy) 

Dye enhancement 

Contrast dye 0.1 %-0.4% solution Dye pools in mucosal crevices; 

indigo For 0.2% dilution, mix no cellular staining 

carmine 5 mL 0.8% solution) 

with 15 mL sterile 
water 


Equipment-based IEE 
Optical enhancement 
Narrow band Olympus 

imaging 

Electronic enhancement 
Spectral Fujinon 

estimation 
technology 

Surface Pentax 

enhancement 


Modification of light source 
with narrowed wavelengths 
to enhance capillary patterns 

Processing of image to 
enhance capillary patterns 

Processing of image to 
enhance color pattern or 
structure (I-Scan Technology) 


Adapted from Ko [721 . IEE: Image-enhanced endoscopy. 


Colon capsule endoscopy 

Colon Capsule Endoscopy (CCE, PillCam; Given 
Imaging; Yoqneam, Israel) is a ingestible double-sided 
camera to access nearly 360 degrees of viewing that 
was first used for large bowel imaging in 2006. There 
seemed to be a significant draw to the technology early 
in its development because it didn't require sedation or 
gas insufflation. Unfortunately, the CCE lost favor and 
had many negative opinions due to high procedural 
costs, the need for extensive bowel cleansing, and 
poor accuracy. Since then, CCE technology has been 
constantly refined as new indications and new capsule 
functions have been developed in order to improve 
the diagnostic and possible therapeutic utility [22] . The 
second generation of CCE (CCE-2) was developed to 
improve effectiveness and proved to be an accurate 
tool to detect colonic neoplastic lesions when used in 
average-risk individuals^ 01 . However, many studies 
have concluded that CCE is not a first-line screening 
device due to the inability to take tissue samples and 
no significant improvement of accuracy compared to 
conventional colonoscopy. Current recommendations 
state that patients who have contraindications or do 
not wish to perform conventional colonoscopy, the 
CCE-2 remains a good second option for screening [71] 
(Figure 6). 

Image-enhanced endoscopy 

A recent area of much interest is the use of image- 
enhanced endoscopies (IEEs). These are imaging 
techniques that may use topical dyes, optical filtering, 
or ultramagnification that allows more contrast and 
tissue differentiation during the endoscopic procedure. 
Chromoendoscopy with indigo carmine (IC), for 
example, has been a relatively classic procedure for 
diagnosis of colorectal cancer and remains one of the 


most effective techniques for evaluating lesions [72] . The 
newer equipment-based IEEs include NBI, the Fujinon 
spectral estimation technology, and the Pentax surface 
enhancement endoscopy. Table 7 further explains each 
IEE and how they differ. 

Narrow band imaging 

Narrow band imaging trials have shown minimal 
benefits in decreasing lesion miss rates for colorectal 
cancer. According to a study by Pasha et a/ [73] , HD-NBI 
compared with HD-WLI, did not increase the yield of 
colon polyps, adenomas, or flat adenomas, nor does 
it decrease the miss rate of colon polyps or adenomas 
for colorectal cancer screening or surveillance. 

Fujinon spectral estimation technology 
The Fujinon intelligent chromoendoscopy (FICE) uses 
different filters to visualize the mucosal tissue and 
reconstructs the image to display what the mucosa 
would look like if illuminated using certain wavelengths. 
The FICE allows a total of 10 different digital filters and 
does not need any dye spraying techniques, which 
gives its name "virtual chromoendoscopy". Based on a 
recent Spanish study, indigo carmine dye (the classic 
chromoendoscopy) was better than any FICE filter 
setting. However, IC and FICE filter 4 were both found 
to be better than WLI alone. Therefore, FICE filter 4 
was suggested a feasible option over the traditional 

wli [74] . 

Pentax surface enhancement technology 

The Pentax technology uses a similar image refining 
process to enhance the display of endoscopy. There 
has been mixed reports on the benefit of the Pentax 
HiLine colonscopy (PHL). One study concluded that 
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Figure 5 Advantage of retrograde visibility. The retrograde view (right) clearly sights a polyp (arrow) that the forward view (left) would not have spotted 1671 . 


I I 



Figure 6 First and second generation Colon Capsule Endoscopy by Given 
lmaging [71] . 

PHL compared to NBI-White Light Endoscopy, which 
they refer to as Olympus Lucera (OL), showed no 
significant difference. According to the results the 
polyp detection rates were 58% in OL and 67% in 
PHL, with the adenoma detection rates of 49% in OL 
and 56% in PHL. The study concluded there was no 
advantage of using the PHL over NBI endoscopy [75] . 
Image processing improvements with the Fujinon and 
Pentax still remain to show clear benefit and more 
investigation may be required to demonstrate utility in 
a theoretically promising field of technology. 


CONCLUSION 

Esophageal, gastric, and colorectal cancers are deadly 
diseases that continue to plague our world today. 
The value of screening endoscopy in evaluating these 
types of cancers is a critical area of discussion due 
to a potential reduction in morbidity and mortality. 
Esophageal and gastric cancers have yet to have 
mass screening programs in average-risk populations. 
However, in high-risk populations screening endoscopy 
has shown significant benefit and a decrease in 
mortality. Many researchers agree that cost analysis 
and risk-benefit show no practical implementation of 
esophageal and gastric endoscopic screening in average 
or low-risk populations. On the contrary, however, 


colorectal cancer screening programs have been 
implemented for many years. The use of colonoscopy 
has shown drastic improvements in morbidity and 
mortality, and is the reason it is recommended as 
the primary screening tool in colon cancer screening 
guidelines. As the role of endoscopy as a screening 
tool has continued to develop, newer technology and 
techniques have emerged to improve its utility. Many 
new image enhancement techniques and computer 
processing programs have shown promise and may 
have a significant role in the future of endoscopic 
screening. 
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Abstract 

Despite advances in diagnosis and treatment, gastric 
cancer remains one of the most common malignant 
tumors worldwide, and early diagnosis remains a 
challenge. The lack of effective methods to detect 
these tumors early is a major factor contributing to the 
high mortality in patients with gastric cancer, who are 
typically diagnosed at an advanced stage. Additionally, 
the early detection of metastases and the curative 
treatment of gastric cancer are difficult to achieve, and 
the detailed mechanisms remain to be fully elucidated. 
Thus, the identification of valuable predictive bio¬ 
markers and therapeutic targets to improve the 
prognosis of patients with gastric cancer is becoming 
increasingly important. Contactin 1 (CNTN1), a cell 
adhesion molecule, is a glycosylphosphatidylinositol- 
anchored neuronal membrane protein that plays an 
important role in cancer progression. The expression 
of CNTN1 is upregulated in primary lesions, and its 
expression level correlates with tumor metastasis in 
cancer patients. The current evidence reveals that the 
functions of CNTN1 in the development and progression 
of cancer likely promote the invasion and metastasis 
of cancer cells via the VEGFC/FLT4 axis, the RFIOA- 
dependent pathway, the Notch signaling pathway and 
the epithelial-mesenchymal transition progression. 
Therefore, CNTN1 may be a novel biomarker and a 
possible therapeutic target in cancer treatment in the 
near future. 

Key words: Cancer/neoplasms; Stomach; Contactin 1; 
Metastasis; Molecular target 
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issue, and the investigation of therapeutic targets and 
biomarkers is of great importance. The accumulated 
evidence demonstrates that contactin 1 (CNTN1) plays 
a crucial role in cancer progression. In this manuscript, 
the role of CNTN1 in cancer is discussed and the 
mechanisms through which CNTN1 mediates the 
invasion and metastasis of cancer cells are summarized. 


Chen DH, Yu JW, Jiang BJ. Contactin 1: A potential therapeutic 
target and biomarker in gastric cancer. World J Gastroenterol 
2015; 21(33): 9707-9716 Available from: URL: http://www. 
wjgnet.com/1007-9327/full/v21/i33/9707.htm DOI: http://dx.doi. 
org/10.3748/wjg.v21333.9707 


INTRODUCTION _ 

Gastric cancer (GC) remains a global cancer burden, 
with a total of 9896000 new GC cases and 738000 
deaths in 2008, accounting for 8% of the total cancer 
cases and 10% of the total cancer-re I a ted deaths [1] , 
which makes GC the fifth most common malignancy 
and the third leading cause of death in the world [1,2] . 
More than 70% of GC cases occur in developing 
countries, and half of the total number of GC cases 
around the world occur in East Asia (mainly China) [3] . 
Although various factors, including early detection 
strategies [4,5] and improvements in living standards™, 
have contributed to the observed decrease in the 
incidence of GC, it remains one of the most frequently 
occurring cancers, and the early diagnosis and 
effective treatment of GC remain challenging. Early 
in the disease course, patients with GC experience 
nonspecific symptoms, and most GC patients are 
diagnosed with advanced GC due to a lack of early- 
stage symptoms; late-stage diagnoses are generally 
too late for effective treatment, resulting in a five-year 
survival rate of only approximately 20% [8] . 

At present, the effects of conventional chemotherapy, 
radiotherapy and immunotherapy are generally not 
satisfactory, and surgery remains the main choice for 
the treatment of patients with GC if Ro, or at least Ri, 
resection can be achieved. Despite developments in 
oncology theory, surgical technique, operative skill 
and chemotherapy in recent decades, metastasis and 
post-surgery recurrence are critical obstacles to the 
curative treatment of GC in patients with metastatic 
cancer [9] . Thus, a comprehensive investigation of the 
mechanisms of initiation and progression of GC is 
crucial for the identification of novel, sensitive and 
specific biomarkers for early diagnosis and for the 
detection of potential therapeutic targets. In recent 
years, several novel targets and biomarkers for GC 
such as long noncoding RNAs [10] , promoter methylated 
microRNAs [11] , circulating microRNAs [12] , and the 
EZH2 [13] , SPARC [14] , EPHA2 [15,16] and CNTN1 genes [17 ' 18] 


that are involved in signaling pathways have been 
identified, and these may have potential prognostic 
value and application as novel therapeutic targets. 


BIOLOGY-BIOCHEMISTRY OF CNTN1 IN 

NON-CANCER DISEASE 

CNTNs are a subpopulation of molecules belonging to 
the immunoglobulin (Ig) superfamily, which contains 
six members: CNTN1, TAG-1/CNTN2, BIG-1/CNTN3, 
BIG-2/CNTN4, NB-2/CNTN5 and NB-3/CNTN6 [19 ' 20] . 
CNTN1, as the first identified member of the CNTN 
family of CAMs [21] , was mapped to the chromosome 
12qll-ql2 region and exhibits a common structure 
of six C2 Ig-like repeats, four fibronectin type n 
(FNIII) domains, and a glycosylphosphatidylinositol 
(GPI)-linkage at the carboxy-terminus that anchors 
the protein to the extracellular plasma membrane [22] 
(Figure 1). 

Previous investigations involving limited organs and 
diseases have revealed that CNTN1 is highly expressed 
in the human brain and neuronal tissues and is of vital 
importance for nervous system development. The gene 
plays a critical role in neuronal and glial development 
and differentiation, in myelination and synaptogenesis, 
and in fasciculation [19,23 " 27] . Indeed, CNTN1 mediates 
neuron-glial interactions mainly through binding with 
elements [tenascin-C, tenascin-R, and receptor protein 
tyrosine phosphatase (3 (RPTP(3)/phosphagen] in the 
extracellular matrix, leading to axonal growth and 
fasciculation [21] . Interestingly, since the discovery of 
specific interactions between CNTN1 and PTPRZ [20,28] , 
it is widely accepted that the transmembrane form of 
PTPRZ expressed on glial cells interacts in trans with 
CNTN1 expressed on the surface of axons, leading to 
neurite outgrowth and glial adhesion [29,30] . Unlike the 
general conception, the most recent study concluded 
that CNTN1 expressed on the surface of oligodendrocyte 
precursor cells (OPCs) interacts with a soluble form 
of PTPRZ to modulate the proliferation of OPCs [31] . 
Other major functions of CNTN1 include serving as 
a ligand to the Notch receptor, thereby influencing 
oligodendrocyte maturation [27] , and interacting in 
cis with receptor protein tyrosine phosphatase a to 
transduce extracellular signals to tyrosine kinase FYN [32] , 
thereby regulating cell mobility™. Furthermore, the 
CNTN1 expression level has been found to decrease 
as patients exhibit age-related declines in memory™, 
to progressively increase during postnatal life™ and 
to enhance neurogenesis, synaptic plasticity and 
memory™, suggesting that it may be involved in 
memory processes, consistent with the results of 
studies investigating its participation in some forms of 
synaptic plasticity and in neurotransmitter release™. In 
addition to the roles described above, CNTN1 has been 
correlated with devastating brain disorders such as 
autism and schizophrenia™. 
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C2 Ig-like domain FN type m-like domain GPI anchor 

Figure 1 Schematic representation of the structure of contactin 1. Contactin 1 (CNTN1) is composed of an N-terminal signal peptide, six C2 immunoglobulin (lg)- 
like repeats, four fibronectin type Ill-like domains and a glycosylphosphatidylinositol (GPI)-anchor at the carboxy-terminus linked to the plasma membrane. 


RELEVANCE OF CNTN1 IN CANCER 
PR OGRESSIO N 

Despite the increasing number of studies focusing on 
the regulatory roles of CNTN1 in the nervous system, 
little attention has been paid to its function outside of 
the nervous system. Strikingly, several recent studies 
have demonstrated that CNTN1 also plays a key 
role in diseases not related to the nervous system, 
and its most notable function is its participation in 
cancer progression in cancers such as esophageal 
squamous cell carcinoma (ESCC) [39] , GC [40] , lung 
adenocarcinoma [17,41] , oral squamous cell carcinoma 
(OSCC) [42] , hepatocellular carcinoma [43] and prostate 
cancer [44] , which is in agreement with accumulating 
evidence supporting the finding that certain members 
of the Ig superfamily promote the invasion and 
metastasis of cancer [45,46] . Moreover, the 12qll-ql2 
chromosomal region, the location of CNTN1, is a 
breakpoint region in certain types of cancer, further 
demonstrating that CNTN1 plays a potential role in 
tumor formation and/or advancement. Su et a/ [17,41] 
first described CNTN1 as a metastasis-promoting 
oncogenic gene. 

In a study of the crucial regulatory genes responsible 
for the invasion and metastasis of cancer cells, Su 
et a/ [17] unexpectedly discovered, through genome¬ 
wide cDNA microarray analysis, that CNTN1, which 
is detected in primary lung cancer, plays an essential 
role in lung cancer metastasis. These researchers 
demonstrated that the expression level of CNTN1, 
which is differentially expressed in tumor tissues, is 
positively correlated with the tumor stage and lymph 
node metastasis and negatively correlated with the 
prognosis of patients with lung adenocarcinoma. 
Similarly, reduced CNTN1 expression has been 
found to result in impairments in the ability of lung 
adenocarcinoma cells to invade Matrigel in vitro, 
the polymerization of filamentous-actin and the 
formation of focal adhesion structures. Additionally, the 
knockdown of CNTN1 in lung cancer cells specifically 
inhibits their ability to metastasize, but not their 
proliferation in vitro , and abolishes their metastatic 


capacity to increase survival but not the formation 
of subcutaneously transplanted tumors in an animal 
model, suggesting that CNTN1 plays a crucial role in 
the invasion and metastasis of lung cancer cells [17] . In 
support of this finding, Su et a/ 41] also demonstrated 
that the upregulation of CNTN1, induced by the 
VEGFC/FLT4 axis through the activation of the SRC/p38 
MAPK-mediated CEBPA-dependent signaling pathway, 
may enhance the invasive capacity of different types of 
cancer cells (e.g., lung, cervical and breast cancers). 
Consistent with these reports, the tobacco carcinogen 
4-(methylnitrosamino)-l-(3-pyridyl)-l-butanone 
(NNK) has been reported to enhance the invasiveness 
of lung cancer cells by elevating the expression level 
of CNTN1, which is regarded as a downstream effector 
of NNK via the a7 nicotinic acetylcholine receptor (a7 
nAChR) downstream of the AKT and extracellular 
signal-regulated kinase (ERK) signaling pathway [47] . 

Since the discovery of the CNTNl-mediated 
invasion and metastasis of lung cancer cells, it has 
become increasingly evident that CNTN1 is also of 
critical importance in the induction of the invasion and 
metastasis of other cancer cells. Recent studies have 
revealed that the knockdown of FLT4 in human GC 
MKN45 cells using a short hairpin RNA lentiviral vector 
contributes to the downregulation of the downstream 
molecule CNTN1, indicating the possible involvement 
of CNTN1 in the invasion and metastasis of human 
GC cells [40] . Furthermore, CNTN1 is considered a 
recurrently mutated cell adhesion gene. Moreover, cell 
adhesion is the most highly enriched biological process 
among the mutated genes in the GC exomes [48] . More 
importantly, the mRNA and protein expression levels 
of CNTN1 are increased in primary lesions compared 
with adjacent normal gastric mucosal tissue [18,49] . 
The expression level of CNTN1 in primary lesions is 
significantly related to VEGFC or FLT4 expression; 
positively correlated with lymphatic invasion, lymph 
node metastasis and the TNM stage of patients with 
GC; and inversely associated with the prognosis of 
these patients. Moreover, patients with CNTN 1-positive 
expression show a higher lymphatic vessel density 
(LVD) [18] . Taken together, the results show that CNTN1 
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may facilitate the invasion and metastasis of GC cells 
and may be a valuable indicator of poor prognosis in 
patients with GC. 

In addition to these observations associated with GC, 
previous studies have demonstrated CNTN1 expression 
in upper gastrointestinal cancers and have noted its 
involvement in esophageal cancer™ and ESCC [39] 
and OSCC [42] . As previously reported, the expression 
of CNTN1 is closely correlated with that of VEGFC 
because VEGFC can induce the recruitment of CEBPA 
to bind with the CNTN1 promoter™. Interestingly, the 
enhancement of the migration of esophageal cancer 
cells, which is attributable to a corresponding increase 
in VEGFC expression, is significantly reversed through 
a reduction in CNTN1 expression™, suggesting that 
CNTN1 may play a key role in the VEGFC-induced 
migration of esophageal cancer cells. Moreover, the 
mRNA and protein expression levels of CNTN1 have 
been found to be elevated in ESCC tissues by real-time 
PCR and immunohistochemistry and to be significantly 
correlated with the ESCC stage, lymph node metastasis 
and lymphatic invasion, indicating the participation of 
CNTN1 in esophageal cancer progression™. Therefore, 
inhibitors against CNTN1 may be a promising therapy 
for ESCC. Similarly, CNTN1 is overexpressed in patients 
with OSCC. High expression of CNTN1 is markedly 
correlated with regional lymph node metastasis in 
patients with OSCC. CNTN1 expression is markedly 
associated with the survival time of patients with 
OSCC. The knockdown of CNTN1 expression decreases 
the invasion potential of OSCC cells, but CNTN1 
ablation exerts no effect on the proliferation of OSCC 
cells, confirming that CNTN1 promotes the malignant 
progression of OSCC through an exclusive activation 
of the metastatic potential. Thus, CNTN1 may be a 
useful predictor of prognostic outcome in patients with 
OSCC [42] . 

Studies on the identification of new genes asso¬ 
ciated with melanoma have suggested that CNTN1, as 
an activator of Notch signaling, has been overlooked 
as a key factor in the progression of melanoma 
and should be investigated in greater depth™. The 
deregulation of CNTN1 mRNA expression has also been 
demonstrated in endometrial adenocarcinoma (EAC). 
The expression level of CNTN1 is higher in late-stage 
than early-stage EAC™. Additionally, CNTN1 has been 
reported to be involved in human astrocytic gliomas™, 
glioblastoma™, hepatocellular carcinoma™ and 
prostate cancer™. 

Recent data have indicated that several genetic 
and epigenetic changes have an influence on patient 
prognosis and survival™ 573 . The field of "molecular 
pathological epidemiology (MPE)", addressing the basic 
heterogeneity of disease processes, has emerged as 
an interdisciplinary integration of "molecular pathology" 
and "epidemiology" that aims to understand the 
interplay among etiological factors, cellular molecular 
characteristics and disease evolution. The holistic MPE 


approach can be performed to assess the interactive 
effects of environmental influences and disease molecular 
signatures on disease progression and enables us to 
obtain novel pathogenic insights regarding causality™. 
In conclusion, the gene encoding CNTN1, a factor that 
potentially accelerates cancer progression, should be 
further investigated with the ultimate aim of developing 
an effective cancer treatment. 


MECHANISM THROUGH WHICH CNTN1 
PROMOTES CANCER METASTASIS 

Despite mounting evidence supporting the influence 
of CNTN1 on cancer metastasis, insights into the 
underlying mechanisms responsible for this process 
remain to be discovered for the development of 
targeted therapy. At present, several studies have 
shown that a variety of signaling pathways are involved 
in CNTNl-mediated cell functions. CNTN1 is a GPI- 
anchored neuronal membrane protein that functions 
as a neural cell adhesion molecule (NCAM) and has 
been observed to interact with other cell-surface 
proteins that are thought to participate in a variety of 
signaling pathways and cell functions in the nervous 
system™ 25,313 . As previously reported, CNTN1 interacts 
in trans with RPTPp to facilitate neurite outgrowth™ 3 
and in cis with RPTPa to transduce extracellular signals 
to FYN kinase™, a member of the SRC kinase family 
that modulates cell mobility™ 593 . In addition, the 
involvement of Notch signaling pathways in CNTNl- 
mediated cell function has been demonstrated. 
Nonetheless, the mechanism through which CNTN1 
promotes the metastasis of cancer cells remains 
unclear. 

Recently, the VEGFC/FLT4 axis, which stimulates 
the upregulation of CNTN1 expression, has emerged 
as a central feature of CNTNl-induced cancer cell 
metastasis™. Su et a/™ concluded that the expression 
of VEGFC/FLT4 correlates with the stage and lymph 
node metastasis of cancer and the survival of cancer 
patients and that the VEGFC/FLT4 axis promotes the 
migration and invasion of cancer cells. Investigations 
into the functional linkages between CNTN1 and 
VEGFC/FLT4-induced cell invasion revealed that CNTN1 
is involved in cancer cell invasiveness and acts as a 
downstream effector of the VEGFC/FLT4 signaling 
pathway, in which SRC/p38 MAPK-mediated CEBPA 
signaling is required for VEGFC/FLT4-mediated CNTN1 
expression. Furthermore, rearrangements of F-actin- 
containing microfilament bundles have been found in 
VEGFC/FLT4-mediated CNTN1 expression, indicating 
that the VEGFC/FLT4 axis regulates cancer cell invasion 
via CNTN 1-dependent F-actin (a member of the actin 
cytoskeleton) rearrangement in cancer cells™. Indeed, 
F-actin is regularly polymerized and depolymerized 
in migratory cells and is required for cell motility™. 
Furthermore, RHO genes, including CDC42, RAC1, 
and RHOA, are best characterized by their effects on 
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VEGFC 




Migration and invasion 


Figure 2 Graphic representation of the molecular mechanisms underlying the contactin 1-induced migration and invasion of cancer cells. Contactin 1 
(CNTN1) serves as a downstream effector of the vascular endothelial growth factor C (VEGFC)/FLT4 axis, which activates SRC/p38 mitogen-activated protein kinase 
(MAPK)-CEBPA signaling. CNTN1 regulates F-actin rearrangement with the aid of RhoAand activates Notch signaling. Furthermore, CNTN1 inhibits E-cadherin 
through the activation of SNAI2 as well as the upregulation of AKT, which result from the CNTNI-induced inhibition of PHLPP2. These mechanisms of CNTN1 
contribute to the migration and invasion of cancer cells. PHLPP2: PH domain and leucine rich repeat protein phosphatase 2. 


the cytoskeleton and cell adhesion. Interestingly, the 
activity of the small GTP-binding protein RHOA has also 
been demonstrated to be involved in CNTNI-induced 
F-actin polymerization and cell invasion [17] . In addition 
to the VEGFC/FLT4 axis and the RHOA-dependent 
pathway, Notch signaling may play a partial role in 
CNTNl-mediated cancer cell invasion. In melanoma, 
the activation of Notch signaling appears to be of 
vital importance throughout tumor progression. For 
example, the activation of Notchl in primary melanoma 
cells leads to a more metastatic phenotype [61] . Indeed, 
CNTN1, an activator of Notch, has been identified as a 
novel melanoma-associated biomarker [51] . Hence, the 
interaction between CNTN1 and Notch signaling may 
be a crucial factor in melanoma progression. 

In addition to signaling, other factors play important 
roles in CNTNl-mediated cancer cell metastasis. It 
has been revealed that CNTN1 promotes cancer cell 
invasion through the inhibition of CDH1 (E-cadherin) 
expression [49] . The downregulation of E-cadherin is 
largely achieved through transcriptional regulatory 
mechanisms, including SNAIL, SNAI2, TWIST, ZEB1 
and SIP1 [62] . CNTN1 may indirectly inhibit E-cadherin 
through the upregulation of transcriptional factor 
SNAI2 rather than SNAIL. In addition, CNTN1 may 
decrease E-cadherin at the gene level as well as 
the transcriptional level. The mechanism through 
which the inhibition of the PH domain and leucine- 
rich repeat protein phosphatase 2 (PHLPP2), instead 
of phosphatase and tensin homolog (PTEN), results 
in AKT activation explains how CNTN1 reduces 
E-cadherin expression [63] . Furthermore, as previously 


demonstrated, the loss of E-cadherin is a major 
contributor to the invasion and metastasis of cancers [64] . 
The epithelial-mesenchymal transition (EMT) of cancer 
cells may provide a novel perspective for the theory 
of cancer stem cells (CSCs) and stem cell research in 
the relevant field of cancer progression. Thus, CNTN1 
represses E-cadherin expression in cancer cells through 
the acquisition of a more invasive phenotype. Overall, 
CNTN1 induces the migration and invasion of cancer 
cells through a combination of the above-described 
mechanisms (Figure 2). 


CHALLENGES AND ADVANCES IN THE 
PREVENTION OF CANCER METASTASIS 
AND RECURRENCE, PARTICULARLY IN 
GC 

Recent advances in understanding the mechanism of 
cancer metastasis 

The origin of cancer has long been debated. The 
concept of clonal evolution, which explains how 
a set of clone cells accumulate mutations over a 
period of time to result in damage to normal cells 
and ultimately cancer, remains widely accepted as 
explaining the origin of cancer [65] . The theory of CSCs, 
so-called "tumor-initiating cells", was first proposed 
in 1994 [66] , explaining how a small subpopulation of 
cells with self-renewal and pluripotency capabilities 
can explain why some cancer patients will likely 
relapse with metastatic and/or recurrent cancer even 
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though the primary neoplasm has been completely 
resected. Mounting lines of evidence have indicated 
that CSCs play a crucial role in cancer recurrence and 
metastasis and exhibit resistance to chemotherapy 
and radiotherapy [67] . The presence of human CSCs 
has been confirmed in solid tumors, including breast, 
colon, pancreas, prostate [68] and stomach cancers [69,70] . 
However, the maintenance of CSCs can largely depend 
on their microenvironment (the stem cell niche), which 
can protect CSCs from extrinsic stimuli. Overall, the 
CSC niche is composed of proteins, cellular elements 
(e.g., macrophages, fibroblasts, and endothelial 
cells), and structural moieties (e.g., E-cadherin) that 
interact with each other to protect CSCs. In addition, 
several signaling pathways [e.g., WNT, Notch, TAB2 
(TGF-p) and NF-kB] participate in the maintenance of 
the undifferentiated state of CSCs [65,71] . Therefore, in 
the current theory, the CSC niche is a prerequisite for 
carcinogenesis [71] ; thus, the therapeutic targeting of 
this niche is of great interest. 

Similarly, it has been widely acknowledged that 
CAMs play an important role in cancer progression as 
well as cancer cell invasion and metastasis [72] . Consistent 
with the identification of several signaling pathways 
that trigger EMT involved in CSC development^ 31 , 
researchers have demonstrated that the EMT of 
cancer cells can result in the properties of migration, 
invasion and CSCs [74,75] . Loss of E-cadherin expression 
is regarded as the hallmark of the invasive phase of 
cancer. Moreover, the reversible switch of the EMT, which 
is termed the mesenchymal-to-epithelial transition 
(MET), is considered to participate in the establishment 
and stabilization of distant metastases in the target 
organ by allowing cancerous cells to regain an epithelial 
identity and thereby regain their proliferating ability [76] . 

Similarly, the EMT participates in the progression 
of GC and endows GC cells with the properties of 
migration and invasion, thus promoting cancer 
metastasis. This multi-step process includes the loss of 
cellular adhesion molecules, promoting cell adhesion 
to the extracellular matrix (ECM), the degradation of 
the ECM and the motility of tumor cells. Additionally, 
the CSC characteristics acquired by the EMT endow 
GC cells with the abilities to self-renew and to develop 
drug resistance and apoptotic resistance [62] . 

In recent years, circulating tumor cells (CTCs), 
which are defined as tumor cells originating from either 
the primary tumor or metastatic tissues, have been 
discovered in most epithelial tumors and increase the 
risk of regional recurrence as well as distant metastasis. 
Stem cell properties and the EMT are commonly 
observed in CTCs, and the phenotype of CTCs is 
regarded as a more attractive predictor of prognosis 
than solely the number of CTCs in the blood [77] . Indeed, 
only a small population of CTCs with some properties 
of stem cells, which are called circulating tumor stem 
cells (CTSCs), can migrate to other targeted organs/ 
tissues for the development of secondary tumors [78] . 


Strikingly, in addition to their clinical importance as an 
independent predictive biomarker of poor prognosis 
in patients with GC [79] , evaluating the number of CTCs 
in therapy may greatly improve the management of 
patients, and recent developments of novel technology 
have enabled the detection of CTCs in cancer pati¬ 
ents^ 01 . Moreover, a recent study revealed that CTSCs 
provide a more important and specific value for the 
prognosis of in patients with GC [81] . Nevertheless, 
further investigations of the molecular mechanisms 
of CTCs and CTSCs are urgently required to discover 
potential therapeutic targets for the prevention of 
micrometastasis and affecting the migration and TNM 
classification in GC [82] , thereby improving the prognosis 
of cancer patients. 

Necessity of identifying predictive biomarkers and 
therapeutic targets to improve the prognosis of patients 
with GC 

In recent decades, improvements in strategies for 
the detection, treatment and care of patients have 
contributed to a marked decrease in the mortality of 
GC worldwide. It is clear that upper gastrointestinal 
endoscopy is beneficial for improvements in the earlier 
diagnosis of GC. Magnifying endoscopy with narrow- 
band imaging (NBI), which is the result of technological 
innovations, has been reported to be more reliable 
for the early diagnosis of GC [83,84] , and endoscopic 
submucosal dissection (ESD) is a preferred option 
compared with endoscopic mucosal resection (EMR) [85] . 
For advanced GC, surgery is usually regarded as the 
only curative treatment, whereas perioperatively 
adjuvant chemotherapy can to some extent improve 
the prognosis of resectable GC [86,87] . Advancements 
in surgical techniques, such as laparoscopic surgery 
and robot-assisted gastrectomy [88,89] , are beneficial 
to the outcome of patients. Despite these findings, 
limited success has been achieved in the prevention 
of advanced GC, and most patients with GC are 
diagnosed at an advanced stage worldwide due 
mainly to the absence of adequate and appropriate 
screening that would identify gastric cancer in early 
stages, causing the optimal window for curative 
surgery to be missed. However, tumor biomarkers, 
such as the auxiliary analysis of disease-related 
indicators, have drawn increased attention over the 
years. Investigations of the mechanisms of invasion 
and metastasis of GC, which may provide key targets 
for new drug development, are of vital importance. 
Additionally, the identification of predictive and 
prognostic biomarkers can better provide targeted 
therapy for ideal patients. 

Notable achievements have been made in mol- 
ecularly targeted therapy. The use of the anti-ERBB2 
(HER2) antibody trastuzumab and the anti-KDR 
(VEGFR2) antibody ramucirumab as supplementary 
chemotherapy for patients overexpressing HER2 or 
VEGFR2 receptor has led to significant gains in overall 
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survival compared with chemotherapy alone [86,90] . In 
recent years, the potential molecular target CNTN1 
has been the focus of investigations on its role in 
cancer metastasis. To the best of our knowledge, 
elevated CNTN1 expression levels in primary lesions 
are correlated with lymph node metastasis and the 
prognosis of patients with GC [18] . Thus, CNTN1 may be 
considered a potentially promising prognostic indicator 
and therapeutic target. 


POTENTIAL OF CNTN1 AS A 
THERAPEUTIC TARGET AND 
PROGNOSTIC BIOMARKER IN^GC 

With regard to VEGF-C expression, previous studies 
have revealed a significant difference between positive 
and negative lymph node metastasis in patients 
with GC. VEGFC/FLT4 plays an important role in the 
development of GC, and GC patients overexpressing 
VEGFC/FLT4 in the primary lesion are more likely 
to present with lymph node metastasis [91] . Recent 
investigations have demonstrated that CNTN1 not only 
correlates with VEGFC, FLT4, lymph node metastasis 
and prognosis in patients with GC [18] but also acts 
as a downstream effector of the VEGFC/FLT4 axis 
to mediate GC cell invasion [40] . In addition to these 
findings, CNTN1 seems to promote the migration 
and invasion of GC cells via EMT alteration probably 
induced by inhibition of SNAI2 [49] . As a consequence, 
CNTN1 may be a novel prognostic biomarker 
and potential therapeutic target in patients with 
GC. Despite this finding, the mechanism through 
which CNTN1 modulates GC cell invasion and 
metastasis remains incompletely explained. Further 
investigations are therefore required to obtain an in- 
depth characterization of its role and the mechanisms 
underlying the invasion and metastasis of GC. 


CONCLUSION 

CNTNl, a GPI-anchored adhesion molecule, was 
recently found to be overexpressed in various cancer 
tissues, including lung cancer, melanoma, OSCC, 
esophageal cancer, and GC. CNTNl has been shown 
to not only promote the invasion and metastasis of 
cancer cells but also correlate with tumor metastasis in 
cancer patients. The VEGFC/FLT4 axis, Notch signaling 
and loss of E-cadherin via the inhibition of SNAI2 or 
the activation of AKT may contribute to the CNTN1- 
facilitated invasion and metastasis of cancer cells. 
Similarly, the expression level of CNTNl is correlated 
with lymph node metastasis and the prognosis of 
patients with GC and positively associated with the 
invasion of GC cells. An in-depth understanding of the 
functional aspects of CNTNl and the full mechanisms 
underlying CNTNl-induced invasion that result in a 
potentially applicable treatment for patients with GC is 
urgently needed. In conclusion, CNTNl may be useful 
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as a potential therapeutic target and biomarker in 
cancer in the future. 
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Abstract 

Cancer-associated fibroblasts (CAFs) are important 
components of various types of tumors, including gastric 
cancer (GC). During tumorigenesis and progression, 


CAFs play critical roles in tumor invasion and metastasis 
via a series of functions including extracellular matrix 
deposition, angiogenesis, metabolism reprogramming 
and chemoresistance. However, the mechanism of 
the interaction between gastric cancer cells and CAFs 
remains largely unknown. MicroRNAs (miRNAs) are 
a class of non-coding small RNA molecules, and their 
expression in CAFs not only regulates the expression 
of a number of target genes but also plays an essential 
role in the communication between tumor cells and 
CAFs. In this review, we provide an overview of 
recent studies on CAF miRNAs in GC and the relevant 
signaling pathways in gastrointestinal tumors. Focusing 
the attention on these signaling pathways may help 
us better understand their role in tumor invasion and 
metastasis and identify new molecular targets for 
therapeutic strategies. 

Key words: Cancer-associated fibroblasts; MicroRNA; 
Signaling pathway; Invasion; Gastric cancer; Metastasis 
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Core tip: Gastric cancer (GC) is one of the most 
common cancers worldwide. GC usually metastasizes to 
distant organs in advanced stages. Cancer-associated 
fibroblasts (CAFs) play an important role in GC invasion 
and metastasis. Therefore, a better understanding of 
the special interaction between GC cells and CAFs may 
be useful for identifying the underlying mechanisms of 
tumor progression. 
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INTRODUCTION 

Gastric cancer (GC) is the fourth most common 
cancer and the second leading cause of cancer deaths 
worldwide [1] . More than 70% of GC cases occur in Asia, 
of which half are in China [2] . Although a recent study 
has reported that the death and adverse event rates 
for GC patients under surgical care have decreased [3] , 
the morbidity of GC remains high in Asia, and it is 
the third most common cancer after breast and lung 
cancers [4] . 

Patients with precancerous lesions and early 
GC typically have no obvious symptoms. Many GC 
individuals are diagnosed at an advanced stage. Due 
to a lack of appropriate diagnostic biomarkers and 
personalized anti-cancer treatment, the survival rate of 
GC patients is poor [2] . In advanced stages of GC, tumor 
cells have invaded into the blood or lymphatic vessels 
and metastasized to distant organs. Multiple steps 
and factors are involved in the progression towards 
advanced stages of GC. One of the most crucial factors 
is the bidirectional interaction between tumor cells and 
their microenvironment [5] . 

It is well recognized that the tumor microenviron¬ 
ment (TME) plays an important role in tumor pro¬ 
gression. The TME is a complex tissue environment, 
composed of the extracellular matrix (ECM) and various 
types of stromal cells, such as cancer-associated 
fibroblasts (CAFs), macrophages, inflammatory cells, 
and mesenchymal stem cells [6] . All of these factors, 
but especially CAFs, make tremendous contributions 
to tumor growth and metastasis. In this review, we 
elaborate some novel and valuable results of recent 
studies regarding CAFs in GC and also highlight 
possible research directions for future studies. 


O RIGIN A ND PHENO TYPE OF CAFS 

CAFs, which are characterized by multiple specific 
markers, are most frequently reported to overexpress 
a-smooth muscle actin (a-SMA) and fibroblast- 
activated protein (FAP), whereas caveolin-1 (Cav-1) 
typically shows reduced expression [7 " 9] . CAFs have been 
extracted from different types of human carcinomas, 
including pancreatic and gastric [9,10] . CAFs are the most 
prominent components of the TME in tumor tissue and 
play an essential role in tumor-stromal interactions^ 1 . 

CAFs are spindle-shaped, blast-like cells, and a 
number of reports have stated that they originate from 
cells through a variety of different mechanisms [11] . 
Several experimental studies have reported that 
mesenchymal stem cells (MSCs) are a significant 
source of CAFs. Zhu et a/ [12] found that GC-MSCs- 
primed neutrophils could induce MSCs to gradually 
differentiate into CAFs in vitro. Gu also discovered that 
GC cells activate human umbilical cord-derived MSCs 
(hucMSCs) and induce them to differentiate into CAFs 
by stimulating TGF-p/Smad signaling [9] . Recent studies 
also have demonstrated that CAFs are generated 


during the epithelial mesenchymal transition (EMT) via 
tumor-associated endothelial cells, which delaminate 
from blood vessels to generate mesenchymal cells with 
multiple-differentiation potential^ 1 . Moreover, increased 
levels of TGF-p in the microenvironment can induce 
resident tissue fibroblasts to acquire a CAF phenotype, 
which is associated with the up-regulation of a-SMA 
and the down-regulation of CD34 [7,13] . Our previous 
study demonstrated that fibroblasts from the gastric 
cancer invasive front (interface zone fibroblasts, INFs) 
have a strongly positive FAP expression [14] . 

In general, the CAF phenotype is distinct from 
normal fibroblasts (NFs). CAFs can overexpress a wide 
range of factors, such as cytokines, growth factors 
and chemokines (MMPs, TGF-p, MCT4, VEGF, HGF, 
IL-22) that are critical to induce the deposition of ECM, 
promote angiogenesis and EMT, regulate metabolic 
reprogramming, and enhance proliferation and che¬ 
motherapy resistance [11,15,16] . These CAF functions play 
important roles in cancer progression and promote 
tumor cell invasion and metastasis. 


RECENT STUDIES OF CAFS INVOLVED 
IN GCJNV^OJN^AND METASTASIS 

MicroRNAs (miRNAs) are a class of non-coding small 
RNA molecules that play a key role in regulating the 
expression of target genes at the post-transcriptional 
level [17] . In recent decades, miRNAs have become 
a topic of interest in oncology. Many studies have 
suggested that miRNAs affect tumor growth, invasion 
and metastasis. Some miRNAs have been reported as 
novel diagnostic biomarkers and as new therapeutic 
targets for tumors such as gastric cancer, breast cancer 
and others [18,19] . Many studies have demonstrated 
that miRNAs, such as miR-20b, miR-20a, miR-17, 
and miR-382, are expressed by tumor cells in various 
types of tumors [20,21] . Recently, miRNAs related to CAFs 
have aroused increased attention. Several reports 
have shown that miRNAs also play critical roles in 
the CAFs of various human cancers. miRNAs can not 
only orchestrate the expression of target genes, but 
also promote tumor invasion and migration. Next, we 
summarize the recent research on the miRNAs in CAFs 
that are involved in GC invasion and metastasis (Figure 
1) and discuss future prospects. 

miRNA-mb 

miRNA-106b is a member of the miRNA-106b~25 
cluster that plays oncogenic roles in tumors via 
impacting tumor cell proliferation, apoptosis, and the 
cell cycle in vitro and tumorigenesis in vi vo [22 24] . Prasad 
et al [24] showed that in melanoma cells, miRNA-106b 
is markedly up-regulated and acts as an oncogene to 
enhance cell proliferation. Exposure of melanoma cells 
to grape seed proanthocyanidins (GSPs), an inhibitor 
of miRNA-106b, can down-regulate miRNA-106b levels 
and inhibit cell proliferation by blocking the cell cycle. 
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Figure 1 Roles of miRNAs associated with cancer-associated fibroblasts in gastric cancer. Cancer-associated fibroblasts (CAFs) not only express miRNA- 
106b, 143 and 145 themselves, they also down-regulate the expression of miRNA-200b in gastric cancer cells. All of these miRNAs can induce gastric cancer (GC) 
invasion and metastasis through various cascades. (+): Promoting effects; (-): Inhibiting effects; (1) Enhancing the expression of a-SMA in both normal gastric 
fibroblasts and CAFs. ZEB: Zinc finger E-box-binding homeobox; PTEN: Phosphatase and tensin homolog deleted on chromosome ten. 


In a large-scale analysis, plasma concentration of 
miRNA-106b was notably higher in GC patients than in 
controls and dramatically decreased in post-operative 
samples compared with pre-operative samples [25] . 

In addition, miRNA-106b can also be overexpressed 
in CAFs. Yang et a/ [19] showed that miRNA-106b levels 
are increased in CAFs compared with NFs established 
from patients with GC. A decrease in miRNA-106b 
expression in CAFs notably inhibited gastric tumor cell 
migration and invasion by increasing the expression 
of PTEN.PTEN is regarded as a tumor suppressor 
gene that influences the pathogenesis, invasion and 
metastasis of carcinomas possibly through modulating 
the balance between apoptosis and proliferation™. 
Lost or decreased expression of PTEN protein occurs 
commonly in GC tumorigenesis and progression™. 

Twist is a helix-loop-helix transcription factor that 
includes two twist-like proteins, Twist-1 and Twist-2 [28] . 
Accumulating evidence indicates that Twist-1 is a 
key regulator in the process of tumor cell invasion 
and metastasis by inducing EMT [29] . In gastric CAFs, 
Twist-1 expression is up-regulated, and its expression 
facilitates GC progression and poor clinical outcomes™. 
Woo et a/ [31] demonstrated that Twist-1 expression 
is induced by the IL6/STAT3 axis. Furthermore, the 
authors also revealed that Twist-1 is an important 
regulator in suppressing the senescence of CAFs and 
NFs. Knockdown of Twist-1 gene expression in the 
rat choroid plexus epithelial cell line Z310 markedly 
reduced tumor cell proliferation and invasion™. 

However, it has been reported that miRNA-106b 
could down-regulate Twist-1 expression via its direct 
interaction with Twist-1 mRNA at the 3'-untranslated 
region (3'-UTR) to suppress EMT-associated en¬ 
dometrial tumor cell invasion™. This result is in 
accordance with miRNA-106b expression in renal cell 
carcinoma, where it is over-expressed in tumor tissue 


but significantly lower in the tumors of patients with 
metastasis™. Therefore, these results suggest that 
miRNA-106b may be a more complex miRNA and have 
multiple effects in different types of tumor cells. 

miRNA-143 and miRNA-145 

It is well known that miRNA-143 serve as a tumor 
suppressor. In GC cell lines, miRNA-143 expression 
is significantly decreased. Increasing miRNA-143 
expression can suppress cancer cell growth and 
induce apoptosis by targeting cycloxygenase-2 
(COX-2)™. COX-2 and VEGF interact together to 
induce local angiogenesis and promote tumorigene¬ 
sis and metastasis™. Down-regulation of COX-2 
expression can significantly promote apoptosis and 
inhibit proliferation, migration and invasion of human 
gastric cancer cells™. Naito et a/™ also discovered 
that DNA methylation might cause the transcriptional 
inactivation of miRNA-143 to suppress its expression 
in GC cells. Using 5-aza-2-deoxycytidine to treat GC 
cell lines can restore miRNA-143 expression and inhibit 
cancer cell invasion. 

Nevertheless, several studies have suggested 
that miRNA-143 plays a dual role in cancer, and its 
expression in tumor stromal cells may support tumor 
progression. Naito discovered that miRNA-143 is 
overexpressed in CAFs derived from diffuse type 
GC compared with NFs. The authors found that 
miRNA-143 promoted gastric cancer cell invasion 
by regulating the expression of collagen type IE in 
CAFs™. Collagen type HI is an extracellular matrix 
protein in the soft tissue tumor that significantly 
increases tumor cell migration and invasion in a dose- 
dependent manner™. Collagen in and fibronectin 
are up-regulated by the TGF-p/Smad pathway in 
mesothelial cells. This effect can increase GC cell 
adhesion to mesothelial cells and promote GC cell 
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peritoneal metastasis™. Transfection of an miRNA-143 
inhibitor can down-regulate miRNA-143 expression 
significantly, and the induction of collagen type in in 
fibroblasts is suppressed™. 

miRNA-145, another well-known non-coding small 
RNA located on chromosome 5, is suggested to be 
co-transcribed with miRNA-143 [41] . These molecules 
can work together to target a group of transcription 
factors, such as Kruppel-like factor 4(KLF4), myocardin 
and ELK-1, to induce differentiation and repress 
proliferation of smooth muscle cells™. Similar to 
miRNA-143, a low level of miRNA-145 in cancer cells 
induces cell proliferation through interacting with 
SENPI [43] . However, miRNA-145 is up-regulated by 
TGF-p and mainly localized in stromal fibroblasts but 
not in cancer cells. In addition, high expression of 
miRNA-145 in activated fibroblasts is viewed as a 
potential prognostic factor of diffuse type GC and is 
associated with a more advanced tumor stage and 
histological classification™. 

miRNA-200b 

CAF, a type of complex stroma cell in TME, not only 
contributes to cancer cell malignant progression and 
metastatic dissemination by expressing miRNAs 
themselves, but they can also modulate the expression 
of miRNAs in the surrounding tumor cells. 

miRNA-200b is a member of microRNA-200 family 
that plays a critical role in suppressing tumor invasion 
and regulating EMT in some types of human cancer, 
such as lung adenocarcinoma and breast cancer [45 " 47] . 
Its expression decreased docetaxel chemoresistance of 
lung adenocarcinoma cells via directly targeting E2F3. 
Attenuated miRNA-200b levels were demonstrated 
to be associated with high chemoresistance and poor 
prognosis™. Current research suggests that CAFs can 
down-regulate the expression of miRNA-200b, which 
can up-regulate ZEB expression and down-regulate 
CDH1 expression in epithelial cells to induce tumor 
cell invasion and peritoneal dissemination in GC™. 
ZEB could lead to EMT and tumor metastasis through 
the TGF-p-miRNA-200-ZEB network. In hepatocellular 
carcinoma (HCC), the IncRNA activated by TGF-p could 
increase ZEB1 and ZEB2 expression by binding the 
miRNA-200 family, including miRNA-200b. Therefore, 
the overexpression of ZEB1/2 induces EMT and 
promotes tumor invasion and metastasis™. 

Because miRNA-200b has been suggested to play 
a pivotal role in tumor progression, most researchers 
have focused on miRNA-200b in tumor cell metastasis. 
However, there is no information regarding its role in 
CAFs. At present, the effect of miRNA-200b in CAFs 
is still unclear. It has been reported that miRNA-143 
and miRNA-145 have different expression patterns in 
tumor cells and CAFs. The expression of miRNA-143 
and miRNA-145 is up-regulated in CAFs but down- 
regulated in tumor cells. Whether the miRNA-200b 
has a similar behavior is unclear. Further studies are 


needed to clarify this question. 


SIGNALING PATHWAYS INVOLVED 

IN INVASION AND METASTASIS OF 

GASTROINTE STINA L TUMO RS 

There are various factors and steps involved in cancer 
progression. Multiple cytokines and intracellular 
signaling pathways are involved in each step of tumor 
progression [5] . Extracellular or intracellular factors 
induce target gene mutation and abnormal expression 
through signaling transduction pathways to influence 
tumor initiation and progression. Elucidating these 
complicated signaling pathways is essential to 
understanding various biological tumor behaviors™. 

TGF-p/Smad signaling pathway 

It is common knowledge that TGF-p/Smad signaling is 
a major signaling pathway in various types of tumor 
cells. This signaling pathway is closely related to 
the malignant progression of tumors. TGF-p, as the 
main regulator of TGF-p/Smad signaling, can induce 
nuclear localization and the transcriptional activity of 
Smads when activated [51] . Smad, a complex protein, 
plays essential roles in tumor progression. Liu et a/ [52] 
demonstrated that miRNA-130a/301a/454 share 
the same 3'-UTR binding seed sequence, and these 
molecules reduce the expression level of Smad4 
protein, which directly correlates to the development 
of colon cancer. 

When TGF-p/Smad signaling is activated, the 
downstream factors, such as MMPs, plasminogen 
activator inhibitor (PAI)-l and TGF-pi itself, are 
largely overexpressed™. TGF-pi is closely related to 
tumor invasion and metastasis and can modulate its 
downstream transcription factor KLF8 to induce EMT 
in gastric cancer cells™. Moreover, KLF8 increases 
anti-apoptotic Bcl-2 and decreases pro-apoptotic 
Bax and caspase-3 expression in the SEC7901 cell 
line™. Treatment of tumor cells with the Chinese 
herbs Scutellariabaicalensis and Fritillariacirrhosa 
markedly block cancer cell proliferation and invasion 
through inhibiting the TGF-p/Smad pathway, which is 
accompanied by the down-regulation of the expression 
of Snail, Slug, and MMPs™. 

RAS/RAF/MEK/ERK signaling pathway 

The Ras signaling pathway plays an important role 
in human cancers and is now considered a potential 
target for tumor treatment™ 3 . The activated Ras 
stimulates downstream signaling cascades to complete 
the link between the cell surface and the nucleus™. 
Some experimental data have indicated that K-Ras, 
the most frequently mutated Ras isoform, is a key 
factor in cell growth, angiogenesis, tumorigenesis 
and progression™. A recent study found that YAP1 
and K-Ras converged specifically on the transcription 
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factor FOS and then coordinately activated the EMT 
program [60] . Moreover, ZNF312b could promote the 
transcriptional activation of the K-Ras gene and 
accelerate GC cell proliferation by binding ZNF312b 
in the ZNF-binding region of K-Ras promoter [61] . 
Therefore, inhibition of K-Ras activation is considered 
a significant approach in anticancer research. In colon 
cancer, the p38y inhibitor pirfenidone preferentially 
reduced mutated K-Ras protein expression in tumor 
tissues and restrained the xenograft growth of K-Ras- 
dependent colon cancers in nude mice [62] . 

JAK/STAT signaling pathway 

The JAK/STAT signaling pathway conveys information 
from the membrane to the nucleus to orchestrate 
target gene expression [63] . Cytokines bind to a specific 
receptor on the cell surface and recruit JAKs. The JAK 
molecules are recruited and activated by cytokine 
receptors, leading to the phosphorylation of the 
downstream STAT proteins. Once STAT proteins are 
activated, they dissociate from the receptor and rapidly 
translocate from the cytoplasm into the nucleus. Then, 
phosphorylated STAT proteins increase or decrease the 
expression of target genes through recognizing and 
binding to specific DNA sequences [64,65] . 

Accumulating evidence has indicated that numerous 
cytokines are involved in the JAK/STAT signaling 
pathway, such as IL-3, IL-6, IL-21, and IL-22 [12,64,66] . 
Their receptors are divided into four primary families: 
the IL-2R family; the IL-3R family; the IL-6R family; 
and the INF-R family [64] . IL-6 and IL-22 activate 
STAT3 and contribute to colorectal cancer cell (CRC) 
proliferation and growth. Anti-IL-6 reduces p-STAT3 
Y705 expression and leads to the growth inhibition of 
CRC cells [67] . Furthermore, IL-6 might promote tumor 
cell genetic alteration through interfering hMSH3 
nuclear localization and DNA repair [68] . 

NF-kB signaling pathway 

The NF-kB transcription factor is a heterodimeric 
protein, which was first identified based on its interaction 
with the immunoglobulin light-chain enhancer in B 
cells [69] . In recent years, NF-kB has been considered 
a key link between inflammation and cancer. NF-kB 
activation is mainly driven by inflammatory cytokines 
within the TME, such as IL-6 and TNF-a, or survival 
genes, such as Bd-X (Z_) [70] . Moreover, NF-kB cooperates 
with the JAK/STAT pathway to promote tumor 
proliferation and progression via controlling distinct or 
overlapping groups of downstream genes [69,71] . 

NF-kB is a significant transcription factor in the 
regulation of MMP expression. In HCC, IL-17A induced 
MMP2 and MMP9 expression to promote tumor 
invasion and metastasis via NF-kB activation [72] . 
NF-kB also induces EMT in mammary epithelium via 
ROS activation [73] . Inhibiting the NF-kB pathway can 
restrain tumor growth and the expression of relevant 
inflammatory cytokines. miRNA-181c negatively 


regulates the inflammatory response via inhibiting 
NF-kB pathway activation and down-regulating the 
production of proinflammatory mediators, such 
as IL-ip and iNOS [74] . Gallotannin suppresses the 
activity of the NF-kB pathway through the inhibition 
of IkBoc phosphorylation and degradation, which 
is accompanied with the low expression of NF-kB- 
regulated inflammatory cytokines (IL-8, TNF-a, IL-la) 
and cell cycle arrest in HT-29 and HCT-166 cell lines [75] . 


MOST IMPORTANT SIGNALING 
PATHWAY INVOLVED IN CAFS IN 
CANCER 

The critical signaling pathways in gastrointestinal 
tumors have been reported. However, what is the 
most important signaling pathway involved in CAFs in 
GC? Recently, hypoxia signaling has been extensively 
reported. 

Hypoxia is a universal phenomenon in solid tumors 
compared with normal tissues, as well as gastro¬ 
intestinal cancers [76] . Hypoxia not only leads to the 
expression of multiple target genes but also participates 
in various signaling pathways. Under hypoxic conditions, 
HIF-la activates the EGFR/STAT and TGF-p/Smad 
signaling pathways and increases the levels of their 
downstream targets, and this effect enhances cell 
proliferation and promotes EMT [77] . Therefore, hypoxia 
signaling has been universally acknowledged as a 
noteworthy pathway in tumorigenesis and progression. 
The foremost hypoxia-responsive protein is hypoxia- 
inducible factor (HIF) [76,78] . HIF is a heterodimer 
consisting of an oxygen-sensitive a-subunit (HIF-la, 
HIF-2a or HIF-3a) and a constitutively expressed 
p-subunit [78,79] . In normoxia, HIF-la is ubiquitylated and 
degraded by interaction with prolyl hydroxylases (PHDs) 
and the tumor suppressor von Hippel-Lindau (VHL) 
protein. However, this process is suppressed in hypoxia, 
resulting in HIF-la accumulation™. In most tumor 
types, such as pancreatic cancer and nasopharyngeal 
cancer, HIF-la overexpression reduces overall survival 
and results in a poor patient prognosis [81,82] . In addition, 
HIF-la-positive expression could be a useful prognostic 
marker for GC [83] . 

A growing body of evidence has suggested that 
the hypoxia signaling pathway plays a critical role in 
tumorigenesis through inducing EMT, angiogenesis, 
energy metabolism and chemotherapy resistance. 
Survivin is an inhibitor of apoptosis protein family 
that is scarcely expressed in normal tissues but is 
overexpressed in most human cancers. HIF-la can 
up-regulate survivin levels, which will cause cisplatin 
resistance in GC cells™. In addition, HIF-la induces 
chemoresistance by activating the MDR1 gene. MDR1 
is a tumor promoter gene that encodes for P-gp, 
which can reduce the intracellular concentration of 
chemotherapeutic drugs [55,85] . 
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With tumor progression, the tumor gradually 
exhibits a hypoxic and under-nourished niche. To 
sustain growth, the formation of a large number of 
new blood vessels plays a pivotal role in providing 
sufficient nutrients and oxygen concentration for tumor 
cells. However, a high density of blood vessel is related 
to tumor metastasis [86] . 

Under hypoxic conditions, CAFs increase the 
expression levels of genes related to angiogenesis, 
such as VEGF and angiopoietin [87,88] . VEGF is the most 
important factor to induce tumor vessel formation, 
and VEGF overexpression promotes tumor growth™. 
Down-regulated expression of HIF-la and VEGF can 
suppress tumor angiogenesis. A member of p53 family, 
Tap73, is a tumor suppressor that decreases HIF-1 
activity via promoting HIF-la polyubiquitination and 
consequent proteasomal degradation in an oxygen- 
independent manner. Consequently, the expression 
of HIF-la downstream factors, such as VAGF-A and 
VAGF-R2, is decreased™. In contrast, human rhomboid 
family-1 (RHBDF1) can protect HIF-la protein stability 
and activity by diminishing RACKl-HIF-la interaction, 
thus decreasing HIF-la proteasomal degradation and 
shifting HIF-la protein binding to HSP90 [91] . 

Furthermore, recent evidence has also suggested 
that hypoxia is a key regulatory factor of energy 
metabolic reprogramming of CAFs™. HIF-la induces 
CAFs to up-regulate the expression of monocarboxylate 
transporter-4 (MCT4) and reduces Cav-1 expression, 
releasing a mass of energy metabolites (such as 
L-lactate and ketones) to "feed" the tumor cells [16,92] . 
Subsequently, the tumor cells use the energy me¬ 
tabolites via mitochondrial tricarboxylic acid (TCA) cycle 
and oxidative phosphorylation (OXPHOS), thereby 
producing efficient adenosine triphosphate (ATP) 
production and facilitating tumor growth, invasion and 
metastasis 116,931 . 

From the above, we can observe that hypoxia 
signaling is a fatal pathway both in tumor cells and 
CAFs. It appears reasonable that the relevant genes 
of the hypoxia signaling pathway, such as HIF-la, 
may be therapeutic targets for cancer. Therefore, it is 
strongly suggested that hypoxia signaling may serve 
as the most important pathway in CAFs and will be a 
potential cancer therapeutic target. 


NEW THERAP E UTIC VIEW OF^GC 

Previous studies have shown that adriamycin induces 
chemoresistance and increases tumor cell invasion™. 
Pantoprazole, a proton pump inhibitor, suppresses 
adriamycin-resistant GC cell invasion via inhibiting the 
induction of EMT and the activation of the canonical 
Wnt/p-catenin signaling pathway in SGC7901/ADR 
cells™. 

Tumor vascularization indicates that nutrition has 
been reestablished. Therefore, inhibiting the formation 
of tumor blood vessels is an effective method to treat 
tumors. In recent years, VEGF has become a research 


topic of interest and an important therapeutic target 
in GC. Certain VEGF pathway target agents are used 
in preclinical and clinical treatment of GC [96] . For 
example, ramucirumab, a new monoclonal antibody 
VEGFR-2 antagonist, was shown to prolong survival in 
patients with advanced GC in a phase in clinicaltrial. In 
a phase 3 study, 355 patients were assigned to receive 
ramucirumab (n = 238) or placebo (r? = 117).The 
median overall survival was 5.2 mo (IQR: 2.3-9.9) in 
patients in the ramucirumab group and higher than 3.8 
mo (1.7-7.1) in those in the placebo group. However, 
the rate of hypertension in the ramucirumab group 
was higher than in the placebo group [38 (16%) vs 9 
( 8 %)] [971 . 

Recent clinical trials with conventional chemo¬ 
therapeutic agents have shown encouraging results 
in GC. However, chemoresistance is a main obstacle 
for GC treatment with the wide application of 
chemotherapy agents. 5-Fluorouracil (5-Fu) is one of 
the most common antineoplastic agents for GC. This 
drug can lead to cell damage and death by influencing 
mRNA translation and DNA synthesis™. Current 
research has found that 5-Fu induces residual cells to 
differentiate into CD133 + , CD326 + and CD44 + CD24‘ 
subpopulation, which is associated with properties of 
cancer stem cells and chemoresistance. Furthermore, 
5-Fu-resistant cells have enhanced BMI1 expression, 
which correlates with decreased recurrence-free 
survival compared with BMIl-negative GC patients™. 

The interaction between tumor cells and their 
microenvironment is regarded as a key factor in tumor 
invasion and metastasis. CAFs, one of the foremost 
components of TME, exist in all types of human cancer. 
Compared with tumor cells, the genotypes of CAFs are 
stabilized. This characteristic of CAFs may make them 
effective treatment targets in antitumor therapy. 

For example, several FAP-related drugs have been 
discovered in tumor therapy by targeting CAFs, such 
as FAP activity inhibitors and anti-FAP antibodies™. In 
tumor-bearing mice that were vaccinated against FAP, 
tumor growth is significantly retarded [100] . Furthermore, 
Ohshio et a/ [101] demonstrated that inhibition of CAF 
function improved the antitumor immune responses 
in tumor tissues of tumor-bearing mouse models. 
The populations of the suppressor immune cells 
CD4 + CD25 + Foxp3 + Tregs and CDllb + Gr-l + MDSCs are 
decreased in the anti-CAF therapy group compared 
with those in controls. Furthermore, the levels of 
SDF-1, PEG2 and TGF-pi expression in tumor tissues 
were also dramatically reduced. However, tumor 
growth suppression was not observed. This result 
implies that the antitumor effects are complicated in 
CAF-targeted techniques. 


CONCLUSION 

In this review, we describe the role of CAFs and the 
relevant signaling pathways in gastric carcinoma. 
Various cytokines, growth factors and chemokines 
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secreted by CAFs constitute a favorable environment 
that can induce tumor growth, invasion and metastasis. 
At present, miRNA- and signaling pathway-related 
studies are becoming hotspots in the oncology field. 
However, our current understanding of these factors 
in CAFs is limited. The function of miRNAs is still 
controversial. Therefore, it is necessary to develop 
several specific animal models focusing on the me¬ 
chanisms of miRNAs and signaling pathways in CAFs 
in further research. Looking forward, perhaps some 
specific targets will be identified in our future studies 
by the accumulating successful research. Inhibition of 
these targets in CAFs will provide a new therapeutic 
direction for tumor treatment. 
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Abstract 

AIM: To confirm the anti-invasion and anti-migration 
effects of down-regulation of Notchl combined with 
interleukin (IL)-24 in hepatocellular carcinoma (HCC) 
cells. 

METHODS: y-secretase inhibitors (GSIs) were used 
to down-regulate Notchl. HepG2 and SMMC7721 cells 
were seeded in 96-well plates and treated with GSI-I 
or/and IL-24 for 48 h. Cell viability was measured 
by MTT assay. The cellular and nuclear morphology 
was observed under a fluorescence microscope. To 
further verify the apoptotic phenotype, cell cultures 
were also analyzed by flow cytometry with Annexin 
V-FITC/propidium iodide staining. The expression of 
Notchl, SNAIL1, SNAIL2, E-cadherin, IL-24, XIAP and 
VEGF was detected by Western blot. The invasion and 
migration capacities of HCC cells were detected by 
wound healing assays. Notchl and Snail were down- 
regulated by RNA interference, and the target proteins 
were analyzed by Western blot. To investigate the 
mechanism of apoptosis, we analyzed HepG2 cells 
treated with siNotchl or siCON plus IL-24 or not for 48 
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h by caspase-3/7 activity luminescent assay. 

RESULTS: GSI-I at a dose of 2.5 ^mol/L for 24 h 
caused a reduction in cell viability of about 38% 
in HepG2 cells. The addition of 50 ng/mL IL-24 in 
combination with 1 or 2.5 ^mol/L GSI-I reduced cell 
viability of about 30% and 15%, respectively. Treatment 
with IL-24 alone did not induce any cytotoxic effect. 
In SMMC7721 cells with the addition of IL-24 to GSI-I 
(2.5 nmol/L), the reduction of cell viability was only 
about 25%. Following GSI-I/IL-24 combined treatment 
for 6 h, the apoptotic rate of HepG2 cells was 47.2%, 
while no significant effect was observed in cells treated 
with the compounds employed separately. Decreased 
expression of Notchl and its associated proteins 
SNAIL1 and SNAIL2 was detected in HepG2 cells. 
Increased E-cadherin protein expression was noted 
in the presence of IL-24 and GSI-I. Furthermore, the 
increased GSI-I and IL-24 in HepG2 cell was associated 
with downregulation of MMP-2, XIAP and VEGF. In 
the absence of treatment, HepG2 cells could migrate 
into the scratched space in 24 h. With IL-24 or GSI-I 
treatment, the wound was still open after 24 h. And the 
distance of the wound closure strongly correlated with 
the concentrations of IL-24 and GSI-I. Treatment of 
Notch-1 silenced HepG2 cells with 50 ng/mL IL-24 alone 
for 48 h induced cytotoxic effects very similar to those 
observed in non-silenced cells treated with GSI-I/IL-24 
combination. Caspase-3/7 activity was increased in the 
presence of siNotchl plus IL-24 treatment. 

CONCLUSION: Down-regulation of Notchl by GSI-I 
or siRNA combined with IL-24 can sensitize apoptosis 
and decrease the invasion and migration capabilities of 
HepG2 cells. 

Key words: Notch signaling pathway; Interleukin-24; 
y-secretase inhibitor; Invasion; Migration; Hepatocellular 
carcinoma 

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved. 


Core tip: The down-regulation of Notchl by y-secretase 
inhibitor (GSI-I) or siRNA combined with interleukin 
(IL)-24, could sensitize apoptosis, increase expression 
of E-cadherin and decrease the invasion and migration 
capabilities of HepG2 cells. These results indicate 
for the first time that GSI-I/IL-24 combination might 
represent a novel and potentially effective tool for 
hepatocellular carcinoma treatment. 


Han B, Liu SH, Guo WD, Zhang B, Wang JP, Cao YK, Liu J. 
Notchl downregulation combined with interleukin-24 inhibits 
invasion and migration of hepatocellular carcinoma cells. World 
J Gastroenterol 2015; 21(33): 9727-9735 Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v21/i33/9727.htm DOI: 
http://dx.doi.org/10.3748/wjg.v21.i33.9727 


INTRODUCTION 

Hepatocellular carcinoma (HCC) is one of the most 
common cancers worldwide [1] and approximately 
half of these cases occurred in China [2] . Despite the 
development of various therapies, the outcome for 
HCC patients is still poor. The major reason is that 
HCC often relapses due to intrahepatic and distant 
metastases after curative surgical resection or 
transplantation [3] . Thus, the discovery and research of 
new molecular targets of blocking metastasis are the 
primary goal for HCC therapy. 

Notch signaling is not only involved in the regulation 
of cell proliferation and differentiation but also plays 
an important role in cancer [4] . The Notch signaling 
pathway includes Notch ligands, negative and positive 
regulators, and transcription factors. The mRNA and 
protein expression of Notchl, which is one of the Notch 
signaling pathway receptors, is significantly higher 
in HCC than in adjacent non-tumor liver tissue in the 
previous report. Deregulated Notch receptor expression 
in human HCC was reported by Gao eta/ 5] . Snail, which 
is one of the zinc-finger transcription factors, has the 
function of repressing the transcription of the E-cadherin 
gene through binding to the E-boxes of the CDH1 
promoter [6] . The up-regulation of Snail is also correlated 
with metastasis and poor prognosis, whereas decrease 
of Snail is critical for reducing growth and invasiveness 
of cancer [7,8] . Many studies have shown that E-cadherin 
is a cell-cell adhesion protein fulfilling a prominent 
role in epithelial differentiation, which is relevant to 
metastasis, tumor invasion, motility, and unfavorable 
prognosis [9 " 11] . E-cadherin expression is beneficial 
for intraepithelial expansion and invasiveness in a 
variety of solid tumors, as well as for the intrahepatic 
metastasis of HCC [1215] . In the MHCC97L (HCC cell 
lines), abnormal Notchl expression has been shown 
to be strongly associated with HCC metastasis, which 
may be regulated through the Notch 1/Snail 1/E-cadherin 
pathway 1161 . 

Melanoma differentiation associated gene-7 (MDA-7)/ 
interleukin-24 (IL-24) is a member of the IL-10 family, 
and previous reports have showed that overexpression 
of MDA-7/1L-24 causes tumor growth suppression and 
tumor cell apoptosis in lung cancer, mesotheliomas, 
melanoma, breast cancer, osteosarcoma, pancreatic 
cancer, glioblastoma, prostate cancer and so on [17 " 19] , 
indicating that MDA-7/IL-24 may prove to be a po¬ 
tential drug for cancer therapy. MDA-7/IL-24 inhibits 
HepG2 and BEL-7402 cell adhesion and invasion by 
increasing the expression of E-cadherin and p-ERK [20] . 

Since Notch receptors are activated by y-secretase, 
y-secretase inhibitors (GSIs) have attracted increasing 
interest™. GSIs have been used for the treatment 
of Alzheimer's disease to prevent amyloid precursor 
protein cleavage and the consequent release of 
amyloid p-peptide [22] . Recently, it has been reported 
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that GSIs also have the ability to induce growth arrest 
and/or apoptosis in some tumor cell lines, while other 
tumor cells were resistant to the molecules [23] . 

In this study, we found that the IL-24 mediated 
apoptosis of HCC cells was sensitized by GSI-I. The 
down-regulation of Notchl by siRNA or GSI-I could 
increase the expression of E-cadherin and decrease 
the invasion and migration capabilities of HepG2 cells. 
These in vitro results indicate, for the first time, that 
GSI-I/IL-24 combination might be used as a novel and 
potentially effective tool for HCC treatment. 


MATERIALS AND METHODS 

Cell culture and reagents 

The human HCC cell lines (HepG2 and SMMC-7721 
were obtained from the Cell Bank of Type Culture 
Collection of Chinese Academy of Sciences) were 
cultivated in DM EM medium supplemented with 10% 
FCS (fetal calf serum, Hyclone laboratories, Logan, 
UT, United States). All experiments were carried out 
using a confluent monolayer of HCC cell cultures. Cells 
were maintained at 37 °C in a humidified atmosphere 
containing 5% C0 2 . The primary antibodies for Notchl 
(120 kDa), E-cadherin (120 kDa), SNAIL1 (29 kDa), 
SNAIL2 (29 kDa), MMP-2 (74 kDa), XIAP (55 kDa), 
VEGF (31 kDa) and GAPDH (37 kDa) were purchased 
from Santa Cruz Biotechnology (SantaCruz, CA, United 
States). All secondary antibodies were obtained from 
Pierce (Rockford, IL, United States). Small interfering 
RNA (siRNA) targeting Notchl and control siRNA 
(siCON) were obtained from Santa Cruz Biotechnology. 
Lipofectin™2000 was purchased from Life Technologies 
(Carlsbad, CA, United States). All other chemicals and 
solutions were purchased from Sigma-Aldrich unless 
otherwise indicated. 

Cell viability assay 

HepG2 and SMMC7721 cells were seeded in 96-well 
plates and treated with GSI-I or/and IL-24 for 48 h, 
separately. Then, 10 juL of 3-(4,5-dimethylthiazolyl-2) 
2,5-diphenyltetrazolium bromide (MTT, 5 mg/mL, 
Sigma-Aldrich) was added to each well and incubated 
for 4 h at 37 °C. The formazan granules were dis¬ 
solved in 150 juL dimethyl sulfoxide (DMSO) for 10 
min. Optical density (OD) was then measured at a 
wavelength of 490 nm. Each MTT assay was performed 
in quadruplicate and repeated three times. 

Cellular and nuclear morphology analysis 

In order to observe the presence of condensed chromatin 
and apoptotic bodies, cells were stained with Hoechst 
33258 dye. Cells seeded in 96-well plates were fixed in 3:1 
methanol/acetic acid for 10 min at room temperature, 
washed in PBS (phosphate buffered saline) and stained 
for 30 min in PBS with 40% paraformaldehyde and 10 
jug/mL Hoechst 33258. After washing in PBS for several 
times, nuclear morphology was observed under a 
fluorescence microscope (Zeiss, Germany). 


Flow cytometry analysis 

To further verify the apoptotic phenotype, cell cultures 
were also analyzed with an Annexin V-FITC/propidium 
iodide (PI) kit (Roche, Manheim, Germany), according 
to the manufacturer's instructions. Annexin-V immuno- 
cytofluorescence was detected by flow cytometry. After 
various treatments, cells were collected and centrifuged. 
The cell pellet was washed in PBS and centrifuged 
again. The pellet was resuspended in Annexin-V and 
PI according to the manufacturer's protocol. Cells were 
analyzed on a Beckman flow cytometer (Beckman 
Coulter, Brea, CA, United States). 

Protein extraction and Western blot analysis 

Cells were plated in 100-mm 2 tissue culture dishes 
at 60% confluence and incubated overnight. After 
treatment, cell lysates were obtained using cold 
radioimmunoprecipitation assay buffer [RIPA buffer 
contain: 20 mmol/L Tris-HCI (pH 8.0), 100 mmol/L 
NaCI, 10% glycerol, 1% NP-40, and 0.5% sodium 
deoxycholate]. Proteins (20 mg) were separated on 
precasted Bis-Tris NuPAGE gels (Bio-Rad, Hercules, 
CA, United States), electroblotted to polyvinylidene 
difluoride membranes (Millipore) and then blocked for 1 
h at room temperature in TBS-T [50 mmol/L Tris-HCI (pH 
7.5), 150 mmol/L NaCI, and 0.1% Tween 20] containing 
5% nonfat milk. Membranes were then incubated 
overnight at 4 °C or for 1 h at room temperature with 
the indicated primary antibodies: Notchl (1:1000), 
SNAIL1 (1:500), SNAIL2 (1:1,000), E-cadherin 
(1:1000), IL-24 (1:1000), XIAP (1:500), VEGF 
(1:1000) and GAPDH (1:5000). Anti-mouse or anti¬ 
rabbit secondary antibody conjugated to horseradish 
peroxidase (HRP) was used to visualize the stained 
bands with an ECL (enhanced chemiluminescence, 
Santa Cruz, CA, United States) kit. 

Wound healing assay 

HepG2 cells were seeded in 6-well plates and cultured 
until confluence. A wound was then created by manually 
scraping the cell monolayer with a 200-microliter pipette 
tip. The cultures were washed twice with serum free 
medium to remove floating cells. The cells were then 
incubated in DMEM supplemented with 1% FBS. Cell 
migration into the wound was observed at 12 h in eight 
randomly selected microscopic fields for each condition 
and time point. Images were acquired with a Nikon DS- 
5M Camera System mounted on a phase-contrast Leitz 
microscope. 

Transient protein downregulation by short interfering 
RNA 

Scrambled (siCON) and specific siRNAs targeting 
Notchl were obtained from Santa Cruz Biotechnology. 
Transfection of HepG2 cells was performed using the 
Amaxa system (Amaxa, Cologne, Germany) following 
their specifications. Firstly, 10 6 cells in 100 pL of medium 
was mixed with 3 jug siRNA and then transferred to an 
Amaxa-certified cuvette. For transfection, we used the 
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Figure 1 y-secretase inhibitor-l/interleukin-24 combined treatment induces apoptotic cell death in hepatocellular carcinoma cells. A: Cytotoxic effects 
exerted on SMMC7721 cells by y-secretase inhibitor-1 (GSI-I) employed alone or in combination with recombinant interleukin (IL)-24. After treatment for 24 h cell 
viability was evaluated by MTT assay as reported in Materials and Methods; B: Cytotoxic effects exerted on HepG2 cells by GSI-I employed alone or in combination 
with recombinant IL-24. After treatment for 24 h cell viability was evaluated by MTT assay as reported in Materials and Methods. The data represent mean ± SD; a P < 
0.05 vs control cells. 


program V-Ol. Transfection efficiency was between 
75% and 85% (data not shown), as checked by flow 
cytometry, using a fluorescein-labeled non-targeted 
siRNA control (Cell Signaling). After 4 h cells were 
treated with IL-24 as indicated. Cells were examined for 
gene downregulation and other properties 48 h after 
transfection. 

Viability and caspase-3/7 assays 

The caspase-3/7 activity was detected with the Apo- 
One Homogeneous caspase-3/7 assay kit (Promega 
Corporation, Madison, WI). Briefly, cells were seeded 
into 96-well plates at a density of 2 x 10 4 cells/well, 
incubated overnight and subsequently treated with 
siCON, siNotchl with or without IL-24. For the caspase 
assay, the substrate was added after treatment for 48 
h (as indicated in the text) and plates were read 2 h 
later using a Tecan Plate Reader (Tecan, Group. Ltd., 
Switzerland). All treatments were done in triplicate. 
Background absorbance was determined by the 
incubating media with substrate alone or subtracting 
the values from wells containing cells. 

Statistical analysis 

Each experiment was repeated at least three times. 
All the experimental data are presented as mean ± 
SD. The differences among means were statistically 
analyzed by a t-test. All statistical analyses were 
performed using SPSS13.0 software (Chicago, IL, 
United States). P < 0.05 was considered statistically 
significant. 


RESULTS 

Effects of GSI-l/IL-24 combined treatment in SMMC7721 
and HepG2 cells 

The antiproliferative effects of GSI-I in combination 
with IL-24 were first examined in two hepatocellular 
carcinoma cell lines. Using as a single agent or in 


combination, the dose-response curves of the effects 
exerted by the compounds on cell viability are showed 
in Figure 1A. GSI-I at doses of 0-1 jumol/L for 24 h was 
almost ineffective in the cell lines. GSI-I at a dose of 2.5 
jumol/L caused a remarkable reduction in cell viability 
of about 38% in HepG2 cells. The addition of IL-24 (at 
a concentration of 50 ng/mL) clearly potentiated the 
effects of GSI-I on HepG2 cells. IL-24 in combination 
with GSI-I (1 or 2.5 pmol/L) reduced cell viability of 
about 30% and 15%, respectively. However, treatment 
of cells with IL-24 alone did not induce any cytotoxic 
effect in the HCC cell lines. The addition of IL-24 to 
GSI-I treated SMMC7721 cells induced modest effects 
and the reduction of cell viability was only about 25%. 

We next examined the effects of the two compounds 
IL-24 and GSI-I on cell morphology by means of light 
microscopy. As shown in Figure 2A (top panel), after 
treatment with the GSI-I/IL-24 combination for 24 h 
cells appeared rounded, fragmented and floated in 
the culture medium, while the two drugs, employed 
separately, did not induce any significant remarkable 
effect (Figure 2A). In the same experimental conditions, 
the nuclei stained with Hoechst 33258 and the 
fluorescence microscopy analysis of nuclei stained with 
Hoechst 33258 evidenced a significant increase in the 
number of cells with condensed and fragmented nuclei, 
which is a typical apoptotic feature (Figure 2A). 

We analyzed the externa I isation of phosphatidylserine 
on cell plasma membranes by Annexin V/PI staining to 
quantify early apoptotic effects. Following GSI-I/IL-24 
combined treatment for 6 h, 47.2% of HepG2 cells were 
Annexin V positive/PI negative, while no significant 
effect was detected in cells treated with the compounds 
employed separately (Figure 2B). 

GSI-I sensitizes HepG2 cells to IL-24-induced apoptosis 
by inhibition of Notchl-mediated epithelial-mesenchymal 
transition phenotype 

Since Notchl expression was associated with HCC 
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Annexin V 


Figure 2 y-secretase inhibitor-l/interleukin-24 combined treatment induces apoptotic cell death in hepatocellular carcinoma cells. A: Apoptotic effects 
induced by treatment of HepG2 cells with GSI-I and/or IL-24 for 24 h. Apoptotic morphology was evaluated by staining of the cells with Hoechst 33258 (magnification 
x 200); B: Annexin V positive cells were quantified by flow cytometric analysis after double staining of cells with Annexin V and propidium iodide at 6 h of treatment. 
Results are representative of three independent experiments. GSI-I: y-secretase inhibitor-1; IL: Interleukin. 
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Figure 3 Cytotoxic effects of interleukin-24 and y-secretase inhibitor-1 assessed by Western blot analysis. A, B: HepG2 cells were treated for 48 h in the 

presence of GSI-I and/or IL-24. The levels of the proteins were determined by Western blot analysis using specific antibodies as indicated. GAPDH blots were included 
to show equal protein loading for all of the samples. Results are representative of three independent experiments. GSI-I: y-secretase inhibitor-1; IL: Interleukin. 


metastasis as previously reported, we further in¬ 
vestigated the link between Notchl expression and 
the epithelial-mesenchymal transition (EMT) in HCC 
cells. HepG2 cell line was used for a comparison of the 
target protein expression profile of Notchl- and EMT- 
related genes. Decreased expression of Notchl and its 
associated proteins SNAIL1 and SNAIL2 was detected 
in metastatic HCC cells. Increased E-cadherin protein 
expression was noted in the presence of IL-24 and 
GSI-I (Figure 3A). Loss of E-cadherin expression is a 
remarkable feature of EMT. As we all know, the level 
of E-cadherin is inversely associated with the tumor 
stage. Programmed cell death can be regulated by 
certain factors with either pro- or anti-apoptotic action 
in human cells. The upregulation of the former and/or 
the downregulation of the latter can be considered as 
important events to induce cell apoptosis [24] . To this 
purpose, we examined the expression levels of MMP-2 
and IAP family members in HepG2 cells treated with 
GSI-I and/or IL-24. Furthermore, we proved that 


increased GSI-I and IL-24 in HepG2 cancer cells were 
associated with downregulation of MMP-2, XIAP and 
VEGF (Figure 3B). 

Inhibition of HCC cell invasion by GSI-l/IL-24 

Wound healing assay is widely used to analyze 
cell proliferations and cell migration. As previously 
reported, for HepG2 cells, the cell invasion has a 
great corresponding relationship with cell migration 
and wound healing assay. The invasion properties of 
cancer cells were detected by the wound closure in 
these assays. In our study HepG2 cells were treated 
with IL-24 and/or GSI-I, and the wound closure was 
analyzed by microscopy. In the absence of treatment, 
HepG2 cells could migrate into the scratched space in 
24 h (Figure 4A). With the treatment of IL-24 or GSI-I, 
the wound was still open after 24 h, indicating that 
IL-24 or GSI-I has the ability of inhibiting the HepG2 
cell migration or invasion (Figure 4B and C). To further 
confirm the inhibition effectiveness, we loaded the cells 
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Figure 4 Wound healing in HepG2 cells treated with y-secretase inhibitor-1 and/or interleukin-24. Representative wounds after scratch wounding and after 
healing were recorded with a microscope (A-D). A: Control HepG2 cells; B: HepG2 cells treated with GSI-I; C: HepG2 cells treated with IL-24; D: HepG2 cells treated 
with GSI-I and IL-24. GSI-I: y-secretase inhibitor-1; IL: Interleukin. 
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Figure 5 RNA interfering against Notch-1 in combination with interleukin-24 treatment in HepG2 cells. HepG2 cells were transfected for 48 h with siNotch-1 or 
siScr. Cells were treated with IL-24 for 48 h. A: Western blot analysis of the levels of Notch-1, MMP-2 and PARP was performed after siCON or siNotchl treatment as 
reported in Materials and Methods; B: Caspase 3/7 activity was estimated by luminescent assay. a P < 0.05 vs siCON in HepG2 cells. 


with IL-24 and GSI-I. The distance of the wound closure 
significantly correlated with the concentrations of IL-24 
and GSI-I (Figure 4). 

Notch signaling knockdown promotes IL-24-induced 
apoptosis 

It has been showed that GSIs can act through different 
biochemical pathways, and we next investigated 
whether the effects induced by GSI-I/IL-24 combination 
were related to the specific inhibition of Notch signaling 
caused by GSI-I. We downregulated the Notch gene 
and evaluated the biological effects of IL-24 addition. 
Notch-1, as demonstrated by the authors, is upstream 


of Notch-4. After confirming the downregulation of 
Notch-1 level (Figure 5A, upper panel), we analyzed 
the biological effect of IL-24 addition on HepG2 cell 
viability. MMP-2 and poly (ADP)-ribose polymerase 
(PARP) proteins are the key proteins in detecting cell 
apoptosis. Figure 5A demonstrated that treatment of 
Notch-1 silenced HepG2 cells with 50 ng/mL IL-24 alone 
for 48 h induced cytotoxic effects quite similar to those 
observed in non-silenced cells treated with GSI-I/IL-24 
combination. 

To investigate the mechanism of apoptosis, we 
analyzed HepG2 cells treated with siNotchl or siCON 
plus IL-24 or not for 48 h by caspase-3/7 activity 
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analysis. Caspase-3/7 activity was increased in the 
addition of siNotchl plus IL-24 treatment, indicating 
that siNotchl plus IL-24 could sensitize HCC cells to the 
cytotoxic agents (Figure 5B) 


DISCUSSION 

We previously reported that LIGHT protein inhibited 
the proliferation and induced the apoptosis of HepG2 
cells significantly [25] . However, little is known about 
the mechanism of HCC cell apoptosis. A large number 
of studies have showed that Notch signaling plays an 
important role in many kinds of malignant tumors [26 " 28] . 
Expression and localization of Notch receptors and their 
ligands have been observed in the normal human liver 
tissue in the previous report, while the deregulated 
Notch signaling has been found in malignant liver 
tumors [29 " 31] . 

This study was to investigate the biological effect of 
GSI-I, which is one of the most frequently employed 
GSIs. The association of IL-24 and GSIs arose by 
the observation that many tumor cells develop IL-24 
sensitivity which can be overcome in the presence of 
different compounds. Although displaying anticancer 
potential, GSIs often show toxic side effects in some 
cells. Our data presented in this paper demonstrate a 
strong synergistic interaction between GSI-I and IL-24 
which effectively reduced HCC cell viability for the first 
time. Noteworthy, GSI-I/IL-24 combined treatment 
was particularly effective in SMMC7721 and HepG2 
cells (Figure 1). 

Morphological observations demonstrated that 
HepG2 cell death was correlated with the induction 
of cell apoptosis; cells were positive for Annexin 
V/PI staining and the nuclei presented chromatin 
condensation (Figure 2A and B). After combined 
treatment, the activation of apoptotic pathway was 
also confirmed by Western blot. 

Many studies indicated that GSI-I could be res¬ 
ponsible for sensitization of cells to IL-24-mediated 
apoptosis and some of these are related to the activity 
of GSI-I, which is the inhibitor of y-secretase, the main 
enzyme responsible for the cleavage and activation 
of Notch receptor and the following target proteins [32] . 
Data reported in this paper demonstrated that GSI-I/ 
IL-24 combined treatment was able to modulate the 
expression level of related proteins in HepG2 cells 
(Figure 3). 

Which GSI-I may sensitize HepG2 cells to apo¬ 
ptosis induced by IL-24 seems to be related to the 
modulation of pro- and anti-apoptotic factors through? 
In many experimental studies, the decreased survival 
factors and the concomitantly increased pro-apoptotic 
ones trigger a pathway that leads to cell death. 
Furthermore, a cross-talk has been showed between 
Notch signaling and the expression of some of these 
related signal pathway factors. 

Sahlgren et a/ [33] reported that Notch signaling 


deploys a mechanism that acts in synergy to control 
the expression of SNAIL1 and SNAIL2, two critical 
regulators of EMT. Data of our study indicate that 
in HepG2 cells, besides the effects on SNAIL1 and 
SNAIL2, treatment with GSI-I/IL-24 combination also 
induced a clear upregulation of E-cadherin expression, 
which can be considered a key factor in cell growth and 
survival, together with that of MMP-2 factor. Moreover, 
some members of the tumor blood vessels related 
factors, such as XIAP and VEGF, are also downregulated 
following combined treatment with the two compounds 
(Figure 3). 

The core role of Notch in HepG2 death pathway 
induced by GSI-I/IL-24 combination was also con¬ 
firmed by Notch silencing experiments. In siNotch 
treated cells, we observed a decrease in the levels 
of both MMP-2 and PARP similar to that observed 
after GSI-I/IL-24 treatment (Figure 5A). Moreover, in 
siNotch silenced cells treated with IL-24 alone we also 
detected the Caspase 3/7 activity which is similar to 
that obtained after GSI-I/IL-24 combined treatment 
(Figure 5B). Overall, data reported seem to indicate 
that the synergistic effects induced by siNotchl/IL-24 
combination are a specific consequence of GSI-I action 
on y-secretase activity. 

In conclusion, we found that the down-regulation 
of Notchl by GSI-I or siRNA combined with IL-24 
can sensitize apoptosis and increase expression of 
E-cadherin and decrease the invasion and migration 
capabilities of HepG2 cells. Taken together, these 
results demonstrated that GSI-I/IL-24 combination 
might represent a novel and potentially effective tool 
for HCC treatment for the first time. 


COMMENTS 


Background 

Hepatocellular carcinoma (HCC) is one of the most common malignancies 
worldwide and half of these cases were estimated to occur in China. The major 
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Research frontiers 

Notch signaling pathway plays an important role in HCC metastasis. Notchl, 
one of the Notch pathway receptors, is significantly higher in HCC than in 
adjacent non-tumor liver tissue. Abnormal Notchl expression has been shown 
to be strongly associated with HCC metastasis, which may be mediated 
through the Notch 1 /Snail 1 /E-cadherin pathway. Interleukin (ILJ-24 mediates the 
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the expression of E-cadherin and p-ERK. 

Innovations and breakthroughs 

To date, there is no study regarding synergistic effect of Notchl down-regulation 
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authors found that the down-regulation of Notchl by y-secretase inhibitor-1 
(GSI-I) or siRNA combined with IL-24 can sensitize apoptosis and decrease the 
invasion and migration capabilities of HepG2 cells. Furthermore, the authors 
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Applications 

In understanding the role and mechanism of Notchl/Snaill/E-cadherin 
pathways in inhibiting invasion and migration of HCC cell lines, this study 
indicate, for the first time, that GSI-l/IL-24 combination might represent a novel 
and potentially effective tool for HCC treatment. 

Terminology 

All Notch receptors are activated by y-secretase, and the inhibitors of this 
enzyme (GSIs) have attracted increasing interest. GSIs were firstly employed 
in the treatment of Alzheimer’s disease to prevent amyloid precursor protein 
cleavage and the consequent release of amyloid (3-peptide. More recently, it 
has been observed that GSIs also possess the ability to induce growth arrest 
and/or apoptosis in some tumor cell lines while other tumor cells were resistant 
to the molecules. 

Peer-review 

In this paper the role of Notch 1 deregulation in HCC has been evaluated. It 
was observed a decrease in HCC cell invasion and migration by Notchl down- 
regulation. Notch 1 inhibition by GSI-I increased HCC cell apoptosis induced 
by IL-24. The down-regulation of Notchl by specific siRNA or GSI-I increased 
E-cadherin expression and inhibited HCC cell invasion and migration. It is 
concluded that a combination therapy of GSI-l/IL-24 may be a novel and 
potentially effective treatment for HCC. 
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Abstract 

AIM: To compare the follow-up outcomes of ileosig- 
moidal anastomosis (ISA) and caecorectal anastomosis 
(CRA) in patients with slow transit constipation (STC) 
with or without melanosis coli (MC). 

METHODS: We collected the clinical data of 48 STC 
patients with or without MC from May 2002 to May 
2007. Twenty-six patients underwent CRA (14 with 
MC) and 22 cases received ISA (14 with MC). A 3-year 
postoperative follow-up was conducted. 

RESULTS: CRA improved the quality of life [evaluated 
by the gastrointestinal quality of life index (GIQLI)] 
in patients without MC, but was inferior to ISA in 
stool frequency and Wexner and GIQLI scores for MC 
patients. In the CRA group, patients with MC suffered 
worse outcomes than those without MC. 

CONCLUSION: CRA is more suitable for STC patients 
without MC; however, for STC patients with MC, ISA is 
a better choice. 

Key words: Constipation; Melanosis coli; Caecorectal 
anastomosis; Ileosigmoidal anastomosis; Prognosis 

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved. 
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Core tip: The optimal surgical treatment for slow 
transit constipation (STC) is controversial. Based on 
our study, caecorectal anastomosis is more suitable 
for STC without melanosis coli (MC). However, for 
STC with MC, ileosigmoidal anastomosis, with a lower 
postoperative recurrence rate, is a better choice. 


Sun JW, Gu JN, Du P, Chen W. Comparison of two types of 
colectomy in treating slow transit constipation with or without 
melanosis coli. World J Gastroenterol 2015; 21(33): 9736-9740 
Available from: URL: http://www.wjgnet.com/1007-9327/full/ 
v21/i33/9736.htm DOI: http://dx.doi.org/10.3748/wjg.v21. 
i33.9736 


INTRODUCTION 

Slow transit constipation (STC) is characterized 
by delay in the transit of stool in the presence of a 
morphologically normal colon and rectum [1,2] . Most 
patients experience long-term use of anthraquinone 
laxatives such as senna, aloe capsules, and maren 
pills, which may damage colonic epithelial cells and 
cause irreversible injury to organelles, finally resulting 
in colonic melanosis coli (MC) [3,4] . 

When medical treatment fails, surgery becomes 
the final effective choice [5,6] . Since Lane first reported 
that colectomy was an effective treatment in 1908, 
many different types of colectomy have been 
developed [7] . For example, ileosigmoidal anastomosis 
(ISA), caecorectal anastomosis (CRA) and colonic 
exclusion, a modified Duhamel procedure, have been 
developed. Currently, IRA and CRA are the most 
frequently adopted procedures, although there is still 
debate about which procedure is best [8 " 10] . In addition, 
whether MC is an important factor in choosing a 
surgical procedure has not been explored previously. 

For this retrospective study we analyzed 3 years 
of follow-up data, investigated the post-operative 
outcomes regarding stool frequency per day, Wexner 
scores and gastrointestinal quality of life index (GIQLI) 
scores following colectomy for 48 STC patients with 
or without MC, with the aim of comparing the two 
procedures. 


MATERIALS AND METHODS 

Patients 

We performed a retrospective study on 48 patients 
with STC diagnosed in the Department of Colorectal 
Surgery, Xinhua Hospital affiliated with the Shanghai 
University School of Medicine from May 2002 to May 
2007 (Table 1). 

All patients underwent pre-operative tests including: 
(1) repeated colonic transit time (CTT) study; (2) 
colonoscopy and multi-mucosa biopsy; (3) defeco- 
graphy; (4) anorectal manometry; and (5) radiopaque 


marker studies. Slow transit was defined as retention 
of more than 12 of 20 radiopaque markers. 

Patients were enrolled in this study after satisfying 
the following criteria: (1) diagnosed as having chronic 
constipation according to Rome in diagnosing criteria 
and preoperative tests [11] ; (2) chronic constipation 
lasting for more than 3 years; and (3) failed con¬ 
servative treatment for at least 2 years, such as oral 
laxatives, bowel cleansing solutions, and enemas or 
suppositories. 

The exclusion criteria were as follows: (1) suspicion 
of organic colon diseases such as tumor, ankylenteron 
or congenital megacolon; and (2) patients with absolute 
surgical contraindication, for example, acute myocardial 
infarction within 6 mo, cardiac and respiratory failure, 
severe pulmonary infection and arrhythmia, diabetic 
ketoacidosis with blood glucose exceeding 11.1 mol/L, 
and mental disorder. 

MC was diagnosed according to colonoscopic 
and histopathologic appearance, i.e., brown or black 
pigmentation located in the colon mucosa and lamina 
propria. 

All operations were performed by the same co¬ 
lorectal surgical team. Each patient who was accepted 
for colectomy signed an informed consent form and the 
study was approved by the Ethics Committee of Xinhua 
Hospital. 

Data collection and follow-up 

Clinical data regarding the Wexner constipation 
score (WCS) [12] and GIQLI score [13] were obtained 
by telephone interviews 3 years postoperatively. 
The Wexner constipation scale is a validated and 
internationally adopted questionnaire used to 
quantify the severity of constipation. It consists of 
questions examining the various clinical expressions 
of constipation, with scores ranging from 0 (best) 
to 30 (worst). The GIQLI is a validated quality- 
of-life questionnaire designed to evaluate specific 
gastrointestinal symptoms and the impact of the 
disease on the physical, psychological, and social 
spheres of the patient. 

Statistical analysis 

Statistical analyses were performed using SPSS 
19.0 (SPSS, Inc., Chicago, IL, United States). Non- 
parametric analysis was performed by using a 
Wilcoxon signed rank test. A^ 2 criterion and a Fisher 
exact test were utilized to analyze contingency data. P 
< 0.05 was considered statistically significant. Values 
are expressed as mean ± SD. 


RESULTS 

Patient characteristics 

A total of 48 patients were enrolled in the study, 
of whom 27 (56.2%) were female. The average 
age was 54.2 years. Constipation was the primary 
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Table t 

Patient characteristics 




Variable 

n Gender (M/F) 

Age (yr) 

Duration of constipation (yr) 

Number of stools per week (preoperative) 


ISA 

22 





With MC 

14 

6/8 

54.8 ± 12.3 

12 ±3 

1.1 ±0.3 

Without MC 

8 

4/4 

52.6 ± 11.3 

10 ±2 

1.2 ± 0.4 

CRA 

26 





With MC 

14 

7/7 

53.1 ± 10.5 

9 ± 2 

1.0 ±0.3 

Without MC 

12 

4/8 

55.8 ± 13.0 

8 ± 2 

1.1 ±0.4 

ISA: Ileosigmoidal anastomosis; MC: Melanosis coli; CRA: Caecorectal anastomosis. 


Table 2 Three-year postoperative follow-up of ileosigmoidal anastomosis and caecorectal anastomosis 

Variable 

ISA 

Total 
(n = 22) 

CRA 

Total 
(17 = 26) 

With MC 

C n = 14) 

Without MC 
(n = 8) 

With MC 
(17 = 14) 

Without MC 
(n = 12) 

Number of stools (per day) 

4.5 ± 1.8 

5.5 ± 2.4 

4.9 ± 2.0 

1.7 ± 1.3 a 

3.0 ± 1.4 a,c 

2.3 ± 1.5 a 

Wexner scores 

5.0 ±1.5 

4.9 ±1.2 

5.0 ± 1.4 

3.1 ± 1.4 a 

3.3 ± 1.5 a 

3.2 ± 1.4 a 

GIQLI 

106 ±9 

103 ± 12 

105 ± 10 

100 ± 6 a 

116 ± 6 a,c 

107 ± 10 


a P < 0.05, ISA group vs CRA group; C P < 0.05, MC group vs no-MC group in respective subgroups. ISA: Ileosigmoidal anastomosis; MC: Melanosis coli; 
CRA: Caecorectal anastomosis; GIQLI: Gastrointestinal quality of life index. 


symptom of all patients with an average duration of 
9.8 years before the operation. The mean preoperative 
frequency of stools was 1.1 times per week and all 
patients had enema and laxative use history. No 
significant differences were detected between the two 
groups regarding gender, age, duration of constipation 
and number of stools per week (Table 1). Finally, 26 
patients underwent CRA and 22 patients underwent 
ISA. 

The mean follow-up was 3 years. No mortality 
was found. According to interviews, patients who 
underwent ISA had higher postoperative defecation 
frequencies (4.9 ± 2.0 vs 2.3 ± 1.5, P < 0.01), higher 
Wexner scores (5.0 ± 1.4 vs 3.2 ± 1.4, P < 0.01) and 
equal GIQLI scores (P > 0.05; Table 2). Focusing on 
STC with MC patients, the ISA group was superior to 
the CRA group based on the three criteria. However, in 
STC patients without MC, the ISA group had a higher 
stool frequency per day (5.5 ± 2.4 vs 3.0 ± 1.4, P < 
0.01), higher Wexner scores (4.9 ± 1.2 vs 3.3 ± 1.5, 
P < 0.01), but lower GIQLI scores (103 ± 12 vs 116 
± 6, P < 0.05). In patients who underwent ISA, no 
significant difference was found between the MC and 
no-MC groups. Oppositely, a statistical difference was 
detected regarding defecation frequency (1.7 ± 1.3 vs 
3.0 ± 1.4, P < 0.05) and GIQLI score (100 ± 6 vs 116 
± 6, P < 0.01) between the MC and no-MC groups. 


DISCUSSION 

The surgical treatment for constipation has long been 
a subject for debate. In China, the most frequently 
practiced procedure for STC is subtotal colectomy with 
CRA but not ISA, because former procedure preserves 
the ileocecal valve and reduces the possibility of 


postoperative diarrhea and malnutrition [1417] . However, 
some surgeons have reported a higher recurrence rate 
with CRA [18 " 20] . In this study, we compared the 3-year 
follow-up outcomes of CRA with ISA and found that 
CRA improved the quality of life (evaluated by GIQLI 
scores) in patients without MC compared with ISA, but 
was inferior to ISA for patients with MC evaluated by 
stool frequency, Wexner and GIQLI scores. Two of MC 
patients undergoing CRA suffered from constipation 
recurrence. Further analysis showed that there were 
significant differences between MC and no-MC patients 
who underwent CRA regarding defecation frequency 
and GIQLI score. According to our results, it is 
recommended that CRA is suitable for STC without MC, 
and ISA is a better choice for STC with MC. It is hoped 
that this conclusion will provide a helpful suggestion 
when making clinical choice between CRA and ISA. 

Feng et a/ [21] have compared CRA and ISA by 
functional outcomes, and they draw the conclusion 
that ISA is the superior method because it generates 
increased patient satisfaction, while the CRA procedure 
can be performed for selected patients with distal 
colonic inertia. Certainly, differences in the specific 
criteria (with or without MC) used to define subgroup 
could contribute to the differences between the present 
study and that of Knowles et al [22] . What's more, the 
standard evaluation system such as Wexner and GIQLI 
scores was more objective and accurate than counting 
single symptom [23,24] . 

Since first reported by Freeman et a/ [25] in 1829, 
MC has been found to be associated with constipation 
and use of laxatives. The incidence of MC was 44.4% 
in STC patients [26] , which was in accord with our 
colonoscopic findings. The abnormal brown or black 
pigmentation was most intense and most readily 
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detected in the cecum and ascending colon [27 " 29] , 
which appear to be the remaining part of colon after 
CRA. This may be the reason for unfavorable clinical 
outcomes and constipation recurrence. In addition, 
MC may contribute to colonic vegetative nerve 
dysfunction, especially at the ileocecum [30] . CRA is not 
a good choice to solve this problem. 

This study preliminarily probed the choice of 
surgical procedures in treating STC with or without MC 
and had some limitations. First, the precise mechanism 
to determine which STC patients with MC were prone 
to recur remains unknown. Second, a larger sample 
size and further research are necessary to validate our 
conclusions. Lastly, this research was a retrospective 
study with limited clinical credibility and randomized 
clinical trials are necessary to confirm the conclusion. 


COMMENTS 


Background 

Slow transit constipation (STC) is characterized by delay in the transit of stool 
in the presence of a morphologically normal colon and rectum. Currently, 
ileosigmoidal anastomosis (ISA) and caecorectal anastomosis (CRA) are the 
most frequently adopted procedures, although there is still debate about which 
procedure is best. Establishing the respective indication of the two procedures 
(ISA and CRA) is of clinical need. 

Research frontiers 

The surgical treatment for constipation has long been a subject for debate. In 
China, the most frequently practiced procedure for STC is subtotal colectomy 
with CRA but not ISA, because the former procedure preserves the ileocecal 
valve and reduces the possibility of postoperative diarrhea and malnutrition. 
However, some surgeons have reported a higher recurrence rate of STC with 
CRA. An important research hotspot in this area is to establish the respective 
indication of each procedure to reach better clinical outcome. 

Innovations and breakthroughs 

Studies have been conducted to compare CRA and ISA by functional outcomes. 
Some believed that ISA is the superior method because it generates increased 
patient satisfaction, however, some demonstrated that CRA would be more 
suite for selected patients with distal colonic inertia. This study is the first to 
utilize the diagnosis of melanosis coli (MC) as the crucial role when choosing 
CRA or ISA. In this study, the standard evaluation system instead of functional 
or subjective symptom was used as the evaluation criterion, and it was found 
that CRA improved the quality of life [evaluated by gastrointestinal quality of 
life index (GIQLI) scores] in patients without MC compared with ISA, but was 
inferior to ISA for patients with MC evaluated by stool frequency, Wexner and 
GIQLI scores. We first recommend that STC with MC is the indication for ISA 
while CRA is the better choice for STC without MC. 

Applications 

It is recommended that STC with MC is the indication for ISA while CRA is 
the better choice for STC without MC. This conclusion will provide a helpful 
suggestion when making clinical choice between CRA and ISA in treating STC. 

Terminology 

Slow transit constipation is characterized by delay in the transit of stool in the 
presence of a morphologically normal colon and rectum. Melanosis coli is a 
disorder of pigmentation of the wall of the colon, often identified at the time 
of colonoscopy and it is benign, and may have no significant correlation with 
disease. 
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diagnosed with STC over a 5 year timeframe to determine a better clinical 
choice in treating STC. After comparing the 3-year follow-up outcomes of CRA 
with ISA, it was found that CRA improved the quality of life (evaluated by GIQLI 
scores) in patients without MC compared with ISA, but was inferior to ISA for 
patients with MC evaluated by stool frequency, Wexner and GIQLI scores. So 
it is recommended that CRA is suitable for STC without MC, and ISA is a better 
choice for STC with MC. This paper addressed the question thoroughly. All 
methods were sound. Authors did not overreach with the data analysis. A very 
sound paper with valid conclusions. 
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Abstract 

AIM: To evaluate the possibility of treatment effect 
monitoring using hepatic fat quantification magnetic 
resonance (MR) in pediatric nonalcoholic steatohepatitis 
(NASH). 

METHODS: We retrospectively reviewed the medical 
records of patients who received educational recom¬ 
mendations and vitamin E for NASH and underwent 
hepatic fat quantification MR from 2011 to 2013. 
Hepatic fat fraction (%) was measured using dual- and 
triple-echo gradient-recalled-echo sequences at 3T. The 
compliant and non-compliant groups were compared 
clinically, biochemically, and radiologically. 

RESULTS: Twenty seven patients (M:F = 24:3; mean 
age: 12 ± 2.3 years) were included (compliant group = 
22, non-compliant = 5). None of the baseline findings 
differed between the 2 groups, except for triglyceride 
level (compliant vs non-compliant, 167.7 mg/dL vs 
74.2 mg/dL, P = 0.001). In the compliant group, high- 
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density lipoprotein increased and all other parameters 
decreased after 1-year follow-up. However, there were 
various changes in the non-compliant group. Dual¬ 
echo fat fraction (-19.2% vs 4.6, P < 0.001), triple¬ 
echo fat fraction (-13.4% vs 3.5, P < 0.001), alanine 
aminotransferase (-110.7 IU/L vs -10.6 IU/L, P = 
0.047), total cholesterol (-18.1 mg/dL vs 3.8 mg/dL, P 
= 0.016), and triglyceride levels (-61.3 mg/dL vs 11.2 
mg/dL, P = 0.013) were significantly decreased only in 
the compliant group. The change in body mass index 
and dual-echo fat fraction showed a positive correlation 
(p = 0.418, P = 0.030). 

CONCLUSION: Hepatic fat quantification MR can be a 
non-invasive, quantitative and useful tool for monitoring 
treatment effects in pediatric NASH. 

Keywords: Nonalcoholic fatty liver disease; Steatohepatitis; 
Hepatic fat quantification magnetic resonance; Child; 
Monitoring 

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved. 


Core tip: Few noninvasive methods have been evaluated 
to accurately assess and monitor the progression of 
nonalcoholic steatohepatitis (NASH) in children. In this 
study, we used hepatic fat quantification magnetic 
resonance (MR) and compared the compliant and non- 
compliant groups for treatment of pediatric NASH. 
The compliant group showed not only laboratory 
improvement but also a decrease in the fat fraction in 
both dual- and triple-echo sequences after follow-up. 
Therefore, hepatic fat quantification MR can be a non¬ 
invasive, quantitative and useful tool for monitoring 
treatment effects in pediatric NASH. 


Koh H, Kim S, Kim MJ, Kim HG, Shin HJ, Lee MJ. Hepatic 
fat quantification magnetic resonance for monitoring treatment 
response in pediatric nonalcoholic steatohepatitis. World J 
Gastroenterol 2015; 21(33): 9741-9748 Available from: URL: 
http://www.wjgnet.com/1007-9327/fiill/v21/i33/9741.htm DOI: 
http://dx.doi.org/10.3748/wjg.v21.i33.9741 


INTRODUCTION_ 

Nonalcoholic fatty liver disease (NAFLD) is the most 
common cause of chronic liver disease in children and 
adolescents™ 1 . It varies in severity from simple fatty 
liver to nonalcoholic steatohepatitis (NASH), which may 
induce hepatic fibrosis, cirrhosis, and hepatocellular 
carcinoma™ 1 . Cirrhosis due to NAFLD has already 
been reported in 2 boys aged 10 and 14 years [6] . 
Therefore, prompt diagnosis and suitable treatment 
are mandatory. Proper diet, exercise, and vitamin E 
may help improve steatosis in liver histology™ 01 . 

Liver biopsy is the modality of choice to accurately 
diagnose NAFLD and to monitor disease progression 


during treatment, even in children and adolescents. 
However, this procedure is invasive and may result 
in life-threatening complications^ 1,121 . In addition, it 
has many drawbacks, including sampling error and 
inter- and intra-observer variability in interpretation. 
Liver biopsy can also be associated with complications 
such as abdominal pain, hypotension, hemobilia, and 
intra peritonea I hemorrhage, the last of which has an 
associated mortality rate of up to 0.5%. Furthermore, 
liver biopsy is not generally accepted by patients 
and especially not by children and adolescents™ 151 . 
Therefore, there is a need to develop noninvasive 
methods to accurately assess and monitor the pro¬ 
gression of NAFLD in children. 

Various imaging studies can be used for the 
noninvasive assessment of hepatic fat including 
ultrasonography, computed tomography (CT), and 
magnetic resonance (MR) imaging. Ultrasonography 
can detect fatty liver as increased liver parenchymal 
echogenicity. There is no risk of radiation exposure 
using this method. However, its ability to grade 
the fatty liver in children is limited [5] , despite an 
attempt to quantitatively analyze hepatic fat with 
ultrasonography [16] . Moreover, positive ultrasonographic 
results in severely obese adolescents cannot be used 
to accurately predict the presence and severity of 
hepatic steatosis [17] . 

CT can also detect hepatic fat infiltration by 
analyzing hepatic parenchymal attenuation [18] . 
However, hepatic attenuation can also be affected by 
other conditions such as hemosiderin deposition [19] . 
Moreover, the risk of radiation exposure is a major 
disadvantage, especially in children. No studies have 
yet compared the CT assessment of hepatic steatosis 
with histologic grades of fatty infiltration in children [5] . 

Both MR imaging and MR spectroscopy can detect 
hepatic fat infiltration simply and accurately without 
radiation exposure™, even though MR spectroscopy 
needs a long examination time for a small volume 
of the liver. When using MR imaging, quantitative 
measurement of the fat fraction using a chemical shift 
technique, which distinguishes resonant frequencies 
between fat and water, can easily evaluate fat in the 
liver. In addition, it can be obtained using the dual- or 
triple-echo gradient recalled-echo sequences, which 
can be used easily and quickly in children™. However, 
there is limited information regarding the utility of 
hepatic fat quantification MR in children with NASH, 
and no studies have used this technique to monitor 
treatment effects in these patients. Therefore, the 
purpose of this study was to evaluate the possibility of 
treatment monitoring with hepatic fat quantification 
MR as a non-invasive and quantitative method in 
pediatric NASH. 


MATERIALS AND METHODS 

Patients 

This retrospective study was approved by the Insti- 
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tutional Review Board of our hospital (1-2014-0007) 
and the acquisition of informed consent for review of 
patients' images and medical records was waived. We 
declare that none of the authors of the present study 
has any competing commercial, personal, political, 
intellectual or religious interest with respect to the 
present study. We reviewed the medical records of 
27 pediatric patients referred for NASH between 
January 2011 and December 2013. Diet and a physical 
exercise education program for the reduction of body 
weight were provided carefully and continuously to all 
patients. A low-calorie diet (25-30 kcal/kg per day) 
composed of specified quantities of fat (25%-30%), 
carbohydrate (50%-60%) and protein (15%-20%) 
was recommended. Clinical nutritionists in our hospital 
guided the diet planning and a moderate exercise 
program (1 h/d at least 5 d a week). Vitamin E (daily 
dose 800 IU) was also recommended to all patients 
to improve liver histology [22] . Compliance with the 
diet and exercise treatment regime was checked at 
every clinic visit from daily records about feeding, 
exercise, and medication history written by parents 
and caregivers. Treatments other than diet, physical 
exercise education, and vitamin E were not provided. 
Sex, age at the time of diagnosis, body weight, body 
mass index (BMI), and laboratory data were collected. 
Hepatic fat quantification MR was performed at the 
initial referral and 1 year later for follow-up. We 
reviewed body weight, BMI, and laboratory results 
at the time of MR acquisition. Laboratory results 
included aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), total bilirubin, albumin, 
alkaline phosphatase (ALP), cholesterol, triglycerides, 
high density lipoprotein (HDL), and low density 
lipoprotein (LDL) levels. 

Hepatic fat quantification MR 

We retrospectively reviewed hepatic fat quantification 
MR of NASH patients. The hepatic fat fraction (%) 
was measured using dual- and triple-echo gradient- 
recalled-echo sequences on a 3T MR system (Tim Trio; 
Siemens Medical Solutions, Erlangen, Germany) with 
a phased body array coil. For dual-echo chemical-shift 
gradient-echo MR, we obtained axial images of the 
liver using gradient echo Tl-weighted, dual-echo, in- 
phase, and opposed-phase sequences [TR 226 ms; 
TE 1.23 (opposed-phase) and 2.46 (in-phase) ms; flip 
angle 65°; section thickness 6 mm; matrix size 192 x 
256; and field of view 300 cm x 400 cm]. For triple¬ 
echo MR, the imaging protocol included a breath- 
hold low-flip-angle Tl-weighted, triple-echo, spoiled 
gradient-echo sequence [TR 226 ms; TE 2.46 (in-phase 
1), 3.69 (opposed-phase), and 4.92 (in-phase 2) ms; 
flip angle 20°; section thickness 6 mm; matrix size 
256 x 192; and field of view 315 cm x 420 cm]. 

One radiologist (Lee MJ), who had 10 years' 
experience in pediatric radiology, randomly drew 2 
regions of interest (ROIs) that avoided hepatic vessels 


in the homogenous parenchyma of the right hepatic 
lobe on a picture archiving and communication system 
(Centricity, General Electric Corporation, Milwaukee, WI, 
United States). The reviewer obtained signal intensity at 
the same level of in-phase (IP) and opposed-phase (OP) 
images. The hepatic fat fraction in dual-echo MR was 
calculated from the following equation: Dual-echo fat 
fraction (%) = [(IP-OP)/(2 x IP)] x 100 [23] . 

Theoretically, three ROIs should be obtained with 
the same method used to measure the triple-echo fat 
fraction. The signal intensities can be obtained at the 
same level IP1, OP, and IP2 images. The hepatic fat 
fraction in triple-echo MR can be calculated from the 
equation as follows: Triple-echo fat fraction (%) ^ 
[(IPl + IP2)/2 - OP]/(IPl + IP2) > x 100 [24] . 

In our workstation, the triple-echo fat fraction was 
automatically calculated and we obtained a triple-echo 
fat map for direct fat fraction measurement in a single 
ROI. 

Statistical analysis 

Patients who followed the educational recommendations 
and showed marked changes in BMI, AST, and ALT 
over 1 year under observation were defined as the 
compliant group. Patients who did not follow the 
recommendations well were defined as the non- 
compliant group. Statistical analysis was performed 
using SPSS version 20.0.0 (IBM Corp., Armonk, NY, 
United States). We compared clinical, biochemical, 
and radiological parameters between the compliant 
group and the non-compliant group. Continuous 
variables, including age, body weight, BMI, laboratory 
results, and hepatic fat fractions on MR, were analyzed 
with the Mann-Whitney U test. The difference in sex 
between the 2 groups was analyzed using Fisher's 
exact test. To compare the results of the initial study 
with 1 year follow-up, the Wilcoxon signed-rank test 
was used. Spearman correlation analysis between 
body weight or BMI change and fat fraction change 
measured on MR was also performed. P values < 0.05 
were considered statistically significant. The statistical 
methods of this study were reviewed by Ha Yan Kim 
from Biostatistics Collaboration Unit, Yonsei University 
College of Medicine. 


RESUL TS 

Baseline findings 

Twenty seven children with NASH underwent fat 
quantification MR during the study period. All children 
underwent both a pre-treatment and a follow-up MR 
and were included in this study. There were 24 boys 
and 3 girls, with a mean age of 12.0 ± 2.3 years (range, 
9-19 years). There were 22 patients (81.5%) in the 
compliant group and 5 (18.5%) in the non-compliant 
group. Table 1 demonstrates the baseline findings in all 
children. There were no significant differences between 
the groups except for the triglyceride level, which was 
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Table 1 Baseline characteristics of all patients, and comparison between the compliant and non-compliant groups 




AH children ( n = 27) 

Compliant group {n = 22) 

Non-compliant group (// = 5) 

P value 1 

Demographics 

Male, n (%) 

24 (88.9) 

20 (90.9) 

4 (80.0) 

NS 


Age (yr) 

12.0 ± 2.3 

11.8 ±1.9 

12.8 ± 3.7 

NS 


B.wt (kg) 

66.2 ± 16.0 

65.4 ± 16.5 

70.0 ± 14.5 

NS 


BMI (kg/m 2 ) 

26.6 ± 3.4 

28.8 ± 3.6 

25.9 ±2.5 

NS 

Laboratory findings 

AST (IU/L) 

79.9 ± 79.4 

83.0 ± 85.8 

66.0 ± 44.0 

NS 


ALT (IU/L) 

138.7 ± 112.0 

148.6 ± 119.2 

95.2 ± 63.7 

NS 


T.Bil (mg/dL) 

0.6 ±0.3 

0.6 ± 0.3 

0.6 ±0.3 

NS 


Albumin (g/dL) 

4.6 ±0.2 

4.6 ± 0.2 

4.5 ± 0.2 

NS 


ALP (IU/L) 

208.6 ± 77.3 

210.5 ± 73.8 

200.4 ± 100.8 

NS 


Cholesterol (mg/ dL) 

187.9 ± 30.0 

192.6 ± 30.0 

167.0 ±21.0 

NS 


TG (mg/dL) 

150.4 ± 74.1 

167.7 ± 71.1 

74.2 ± 16.4 

0.001 


HDL (mg/dL) 

45.0 ± 8.3 

44.9 ± 9.0 

45.2 ± 4.7 

NS 


LDL (mg/dL) 

120.5 ± 30.3 

123.3 ± 32.0 

108.0 ± 18.5 

NS 

Hepatic fat fraction 

Dual-echo sequence (%) 

34.2 ± 8.5 

34.9 ± 8.2 

31.3 ± 9.8 

NS 

on MR 

Triple-echo sequence (%) 

22.8 ± 7.3 

23.6 ± 7.2 

19.5 ± 7.4 

NS 


Comparison between the compliant and non-compliant groups using the Mann-Whitney U test, except for gender, which was compared using Fisher's exact 
test. All data show mean ± standard deviation. B.wt: Body weight; BMI: Body mass index; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; 
T.Bil: Total bilirubin; ALP: Alkaline phosphatase; TG: Triglyceride; HDL: High density lipoprotein; LDL: Low density lipoprotein; NS: Not significant. 


Table 2 Comparison of clinical outcomes between initial diagnosis and 1 year after referral 


Compliant group (// = 22) Non-compliant group (// = 5) 



Initial 

After 1 yr 

/'-value 1 

Initial 

After 1 yr 

P value 1 

Male, n (%) 

20 (90.9) 



4 (80.0) 



Age (yr) 

11.8 ±1.9 



12.8 ± 3.7 



B.wt (kg) 

65.4 ± 16.5 

67.3 ± 14.7 

NS 

70.0 ± 14.5 

72.3 ± 15.0 

NS 

BMI (kg/m 2 ) 

28.8 ± 3.6 

26.3 ± 3.4 

0.016 

25.9 ± 2.5 

26.4 ± 2.7 

NS 

AST (IU/L) 

83.0 ± 85.8 

29.2 ± 20.0 

0.002 

66.0 ± 44.0 

50.0 ± 37.5 

NS 

ALT (IU/L) 

148.6 ± 119.2 

37.9 ± 41.8 

< 0.001 

95.2 ± 63.7 

84.6 ± 63.5 

NS 

T.Bil (mg/dL) 

0.6 ± 0.3 

0.7 ±0.4 

0.015 

0.6 ± 0.3 

0.70 ± 0.37 

NS 

Albumin (g/ dL) 

4.6 ± 0.2 

4.6 ± 0.3 

NS 

4.5 ± 0.2 

4.70 ± 0.30 

NS 

ALP (IU/L) 

210.5 ± 73.8 

202.1 ± 93.5 

NS 

200.4 ± 100.8 

153.6 ± 71.6 

NS 

Cholesterol (mg/ dL) 

192.6 ± 30.0 

174.5 ± 28.2 

0.001 

167.0 ± 21.0 

170.8 ± 22.5 

NS 

TG (mg/dL) 

167.7 ± 71.1 

106.4 ± 39.8 

< 0.001 

74.2 ± 16.4 

85.4 ± 20.1 

NS 

HDL (mg/dL) 

44.9 ± 9.0 

48.4 ± 9.6 

< 0.001 

45.2 ± 4.7 

46.0 ± 4.5 

NS 

LDL (mg/dL) 

123.3 ± 32.0 

100.3 ± 26.3 

< 0.001 

108.0 ± 18.5 

105.0 ± 30.8 

NS 

Dual-echo sequence (%) 

34.9 ± 8.2 

15.8 ± 8.2 

< 0.001 

31.3 ± 9.8 

35.9 ± 8.9 

NS 

Triple-echo sequence (%) 

23.6 ± 7.2 

10.1 ± 4.6 

< 0.001 

19.5 ± 7.4 

22.9 ± 5.6 

NS 


Comparison between initial and 1-year follow-up in the 2 groups using the Wilcoxon signed-rank test. All data show mean ± standard deviation. 


higher in the compliant group (167.7 mg/dL) than in 
the non-compliant group (74.2 mg/dL) (P = 0.001). 

Comparison of changes in the 2 groups at 1-year follow¬ 
up 

Table 2 shows the results of the initial and follow-up 
findings in the 2 groups. Body weight did not change 
significantly in either group. However, BMI decreased 
only in the compliant group (from 28.8 kg/m 2 to 26.3 
kg/m 2 , P = 0.016). Almost all laboratory results except 
albumin and ALP changed significantly during follow¬ 
up in the compliant group. AST, ALT, cholesterol, 
triglycerides, and LDL decreased, and HDL increased 
in the compliant group, which reflected the treatment 
effect. However, no laboratory results changed during 
follow-up in the non-compliant group. 

On hepatic fat quantification MR, both dual- 


and triple-echo fat fractions were decreased in the 
compliant group (P < 0.001) (Figure 1). The mean 
initial hepatic fat fraction was 34.9% on dual-echo 
MR and 23.6% on triple-echo MR, and it decreased to 
15.8% on dual-echo MR and to 10.1% on triple-echo 
MR in the compliant group. The follow-up MR showed 
increased mean fat fraction in the non-compliant group 
on both dual-echo MR (from 31.3% to 35.9%, P > 
0.05) and triple-echo MR (from 19.5% to 22.9%, P > 
0.05) (Figure 2). 

The 2 groups differed in both dual-echo fat fraction 
(-19.2% vs 4.6%, P < 0.001) and triple-echo fat 
fraction (-13.4% vs 3.5%, P < 0.001), with a decreased 
fat fraction observed only in the compliant group. 
Among the laboratory results, ALT (-110.7 IU/L vs -10.6 
IU/L, P = 0.047), cholesterol (-18.1 mg/dL vs 3.8 mg/ 
dL, P = 0.016), and triglycerides (-61.3 mg/dL vs 11.2 
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Figure 1 Liver fat quantification magnetic resonance in an 11-year-old boy in the compliant group. The same circular regions of interest (white circles) are 
drawn to measure signal intensity in the liver parenchyma. On initial magnetic resonance (MR) images (A-C), signal intensity of the liver is 56.6 on the opposed-phase 
image (A) and 725.4 on the in-phase image (B). Therefore, the calculated fat signal percentage in the liver on the dual-echo sequence is 46% [(725.4-56.6) * 100/2 
x 725.4]. The fat signal percentage in the liver is 34.4% on the fat map image (C) of the triple-echo sequence. On follow-up liver MR after treatment (D-F), hepatic 
signal intensity is 331.1 on the opposed-phase image (D) and 617.8 on the in-phase image (E), with a calculated fat signal percentage of 23% [(617.8-331.1) x 100/2 
x 617.8] on the dual-echo sequence. The triple-echo sequence image also demonstrates a decreased hepatic fat signal percentage of 15% on the fat map image (F). 


mg/dl_, P = 0.013) differed between the 2 groups. 

In the correlation analysis which included all 
patients, the BMI change and the dual-echo fat fraction 
change showed a positive correlation (p = 0.418, P 
= 0.030). However, the BMI change and triple-echo 
fat fraction change was not correlated (p = 0.316, P 
= 0.109). The body weight change and fat fraction 
change also did not show a significant correlation in 
both dual-echo (p = 0.213, P = 0.285) and triple-echo 
(p = 0.135, P = 0.501) sequences. 


DIS CUSSIO N 

Dual- and triple-echo gradient recalled-echo sequences 
can easily perform noninvasive assessment and 
quantitative measurement of hepatic fat, even in 
children. Our study demonstrated that not only clinical 
and laboratory results but also fat fraction on MR 
improved in children with good treatment compliance. 
These results suggest the possible usefulness of fat 
quantification MR as a noninvasive and quantitative 
tool for monitoring treatment effects in children with 
NASH. 

Ultrasonography is the favored method for eva¬ 
luating hepatic disease in children because results 
are easily obtainable and it is noninvasive. Disturbed 
propagation of ultrasound waves can occur when 


there are lipid droplets within hepatocytes [5] . This 
causes the scattering of the waves, which creates 
more returning echoes to the transducer. Therefore, 
we can qualitatively determine fatty infiltration in 
the liver when the liver parenchymal echogenicity is 
increased when compared with the kidney. Shannon 
et a/ [16] performed a cohort study of pediatric patients 
with biopsy-proven NAFLD and demonstrated 
excellent correlation between the ultrasonographic 
steatosis score and the histologic grade of steatosis. 
However, Bohte et a/ [17] showed the limitations of 
ultrasonography in severely obese adolescents 
when evaluating the severity of hepatic steatosis. In 
addition, a recent systemic review for imaging liver fat 
in children concluded that ultrasonography had a low 
positive predictive value of 47%-62% for the diagnosis 
of fatty liver [5] . 

MR imaging is one of the most sensitive tools used 
to evaluate fat infiltration in the liver. Both MR imaging 
and MR spectroscopy can accurately and reproducibly 
measure hepatic fat [25] . However, MR spectroscopy 
evaluates only a small portion of the liver and requires 
a long examination time and expertise for data 
acquisition and analysis [23,25] . When using MR imaging, 
the degree of fat infiltration can be estimated by using 
chemical shift imaging™. The term chemical shift 
refers to the difference in precessional (or resonance) 
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Figure 2 Liver fat quantification magnetic resonance in a 12-year-old girl in the non-compliant group. The same circular regions of interest (white circles) are 
drawn to measure signal intensity in the liver parenchyma. On initial MR images (A-C), signal intensity of the liver is 299.1 on the opposed-phase image (A) and 644.6 
on the in-phase image (B). Therefore, the calculated fat signal percentage in the liver on the dual-echo sequence is 26.8% [(644.6-299.1) x 100/2 x 644.6]. The fat 
signal percentage in the liver is 16.6% on the fat map image (C) of the triple-echo sequence. On follow-up liver MR after treatment (D-F), the fat signal is 238.6 on the 
opposed-phase image (D) and 750.6 on the in-phase image (E), with a calculated fat signal percentage of 34.1% [(750.6-238.6) x 100/2 x 750.6] on the dual-echo 
sequence. The triple-echo sequence image also demonstrates an increased hepatic fat signal percentage of 20.4% on the fat map image (F). 


frequency between 2 proton MR signals, expressed 
in parts per million of the resonance frequency of 
the static magnetic field BO. This technique uses 
differences in the resonance frequencies of water and 
lipids to differentiate tissues containing only water 
from those containing both water and lipids [5] . The 
characteristic resonance frequencies of fat and water 
and the detection of a fat-specific frequency allows 
for quantitative measurement of hepatic steatosis. 
Therefore, while normal liver parenchyma exhibits 
similar signal intensity on IP and OP images, the fatty 
liver shows diminished signal intensity on OP images, 
as seen in our study. 

The dual-echo technique is available on most 
clinical imagers with a field strength of l.OT or higher. 
We can obtain both IP and OP images after a single 
radiofrequency excitation using this technique, allowing 
rapid acquisition of images during a single breath 
hold [23] . There are many reports about the utility of this 
technique in evaluating hepatic steatosis in adults [26] . 
However, there is only one report of the dual-echo 
technique being performed in children. In 2011, 
Pacifico et a/ [21] demonstrated a strong correlation 
between the dual-echo MR fat fraction and the 
histologic grade of hepatic steatosis among 25 children 
with NAFLD. No studies have yet evaluated the utility 
of this technique for monitoring treatment effects in 
children with NASH. This is the first study detecting 
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longitudinal changes in hepatic fat in pediatric NASH, 
even though we did not perform histologic correlation 
as biopsy is not considered a proper method for 
treatment monitoring, especially in children. We 
demonstrated that not only clinical and laboratory 
results but also fat fraction on MR improved in children 
with good treatment compliance. We also showed that 
the BMI change and the dual-echo fat fraction change 
had a positive correlation. Therefore, the dual-echo 
technique can be a useful monitoring tool in children 
with fatty liver disease. 

Triple-echo MR imaging is somewhat similar to dual¬ 
echo MR imaging. However, the triple-echo technique 
acquires a second IP image in addition to the first OP 
and IP images. The signal intensities of the first OP and 
IP images are corrected for the T2* effect using the 
T2* time estimated from the signal decay between the 
first and second IP images [25] . The dual-echo technique 
cannot correct for potentially confounding T2* 
relaxation effects, which should considered in cases 
with elevated liver iron content, such as cirrhosis and 
hemochromatosis [23,27] . Qayyum et a/ [28] demonstrated 
that fat quantification determined with chemical shift 
imaging correlated better with the histopathologically 
determined percentage of fat in non-cirrhotic patients 
compared with cirrhotic patients. 

Several recent reports evaluated the triple-echo 
technique for quantification of hepatic steatosis in 
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adults [29,30] . Hwang et al [29] demonstrated a correla¬ 
tion between both triple-echo MR imaging and MR 
spectroscopy with macrovesicular steatosis. They 
suggested cutoff values of 4.93% and 5.79% for the 
detection of substantial macrovesicular steatosis for 
both techniques, respectively, without a significant 
difference. Wu et a/ [30] compared dual-echo MR, triple¬ 
echo MR, and MR spectroscopy for the evaluation 
of hepatic steatosis and found that triple-echo MR 
imaging had the highest correlation. However, no 
studies evaluated triple-echo MR imaging in children 
with NASH. Our study demonstrated that both 
the dual-echo and triple-echo techniques showed 
a significant decrease in hepatic fat fraction after 
treatment. The mean fat fraction decreased from 
34.9% to 15.8% with the dual-echo sequence and 
from 23.6% to 10.1% with the triple-echo sequence in 
the compliant group. However, we could not evaluate 
the effect of hepatic iron content or fibrosis between 
the 2 sequences in these patients. Further study is 
required to compare the accuracy of these sequences 
in children with NAFLD. 

Our study has several limitations. First, diagnosis 
and improvement during NASH follow-up were not 
proven pathologically. We could not directly correlate 
or compare the MR fat fraction with histologic grades of 
fatty infiltration. We also could not evaluate or consider 
hepatic fibrosis in our patients. However, liver biopsy 
is not a routine examination in children with NASH 
and is not appropriate for treatment monitoring. The 
second limitation was the small number of patients 
with a short-term follow-up period. We included 
only children with NASH who underwent both a pre¬ 
treatment and a 1-year follow-up MR for hepatic fat 
quantification during the study period. Even though 
all children in the compliant group showed decreased 
hepatic fat fraction on both sequences in this short 
period of follow-up, long-term monitoring is mandatory 
in these patients. Additional prospective studies with a 
large number of children and long-term follow-up are 
needed to validate our results. The third limitation was 
that chemical shift MR imaging cannot differentiate the 
water dominant and fat dominant liver [23] . In fact, this 
technique cannot evaluate a fatty liver with more than 
a 50% fat component. However, a hepatic fat fraction 
of more than 50% is rare; in a study of over 2000 
patients by Szczepaniak et a/ [31] , no patients had a fat 
fraction exceeding 50%. Therefore, this may be only a 
theoretical concern. 

In conclusion, hepatic fat quantification MR can be a 
useful tool to non-invasively and quantitatively monitor 
treatment effects in pediatric NASH. Furthermore, 
it can also help reduce the number of unnecessary 
biopsies in these patients. 
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Background 

Nonalcoholic fatty liver disease (NAFLD) is the most common cause of 
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chronic liver disease in children. Prompt diagnosis and suitable treatment are 
necessary to prevent hepatic fibrosis and cirrhosis. In this study, we evaluated 
the possibility of treatment monitoring with hepatic fat quantification magnetic 
resonance (MR) as a non-invasive and quantitative method in pediatric 
nonalcoholic steatohepatitis (NASH). 

Research frontiers 

Even though liver biopsy is the modality of choice for NAFLD diagnosis, it is 
invasive and not favored especially in children. Therefore, there is a need to 
develop noninvasive methods to accurately assess and monitor the progression 
of NAFLD for children. 

Innovations and breakthroughs 

There is debate about the modality of choice for the diagnosis and monitoring of 
the NAFLD in pediatric patients. Non-invasive imaging studies such as hepatic 
fat quantification MR could be used to quantitatively monitor treatment effects 
in pediatric NAFLD. However, there is limited information regarding the utility of 
hepatic fat quantification MR in children with NAFLD. 

Applications 

Quantitative measurement of the fat fraction using a chemical shift technique 
on MR can be an accurate and easy method to evaluate hepatic fat, even in 
children. We need to validate the use of this technique not only for NAFLD 
diagnosis but also for treatment monitoring. 

Terminology 

Fat quantification MR using a chemical shift technique can evaluate fat in 
the liver by distinguishing resonant frequencies between fat and water. Both 
dual- and triple-echo gradient recalled-echo sequences can be used for this 
purpose. The dual-echo sequence can be obtained with a single radiofrequency 
excitation, allowing rapid acquisition of images during a single breath hold. The 
triple-echo sequence can correct for potentially confounding T2* relaxation 
effects, which should considered in cases with elevated liver iron content, such 
as cirrhosis and hemochromatosis. 

Peer-review 

This is an interesting research study which evaluated the utility of hepatic fat 
quantification MR as a non-invasive and quantitative method for treatment 
monitoring in pediatric NASH. This study compared the compliant and non- 
compliant groups and demonstrated fat fraction and laboratory findings change 
only in the compliant group. These results suggest that hepatic fat quantification 
MR can be used in the treatment monitoring in pediatric NASH. 
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Abstract 

AIM: To validate the utility of Annexin A10 as a sur¬ 
rogate marker of the serrated neoplasia pathway in 
invasive colorectal cancers (CRCs). 

METHODS: A total of 1133 primary CRC patients 
who underwent surgical resection at Seoul National 
University Hospital between January 2004 and 
December 2007 were enrolled. Expression of Annexin 
A10 was evaluated by immunohistochemistry using 
tissue microarray and paired to our findings on clini- 
copathologic and molecular characteristics of each 
individual. CpG island methylator phenotype was 
determined by MethyLight assay and microsatellite 
instability was determined by high performance liquid 
chromatography. KRAS and BRAF mutation status was 
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evaluated by direct sequencing and allele-specific PCR. 
Univariate and stage-specific survival analyses were 
performed to reveal the prognostic value of Annexin 
A10 expression. 

RESULTS: Annexin A10 expression was observed 
in 66 (5.8%) of the 1133 patients. Annexin A10 
expression was more commonly found in females and 
was associated with proximal location, ulcerative gross 
type, advanced T category, N category and TNM stage. 
CRCs with Annexin A10 expression showed an absence 
of luminal necrosis, luminal serration and mucin 
production. CRCs with Annexin A10 expression were 
associated with CpG island methylator phenotype, 
microsatellite instability and BRAF mutation. In survival 
analysis, Annexin A10 expression was associated with 
poor overall survival and progression-free survival, 
especially in stage iv CRCs. 

CONCLUSION: Annexin A10 expression is associated 
with poor clinical behavior and can be used a sup¬ 
portive surrogate marker of the serrated neoplasia 
pathway in invasive CRCs. 

Key words: Annexin A10; Serrated neoplasia pathway; 
CpG island methylator phenotype; Colorectal cancer; 
BRAF mutation 

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved. 


Core tip: Annexin A10 is considered a surrogate immu- 
nohistochemical marker for sessile serrated adenomas/ 
polyps. We validated the utility of Annexin A10 as a 
surrogate marker of the serrated neoplasia pathway 
in invasive colorectal cancers (CRCs). Annexin A10 
expression was associated with female sex, proximal 
location, ulcerative gross type, advanced TNM stage, 
serration and mucin production. CRCs with Annexin 
A10 expression were associated with CpG island 
methylator phenotype, microsatellite instability and 
BRAF mutation. In stage-specific survival analysis, 
Annexin A10 expression was associated with poor 
clinical outcome in stage IV CRCs. Annexin A10 can be 
used a supportive surrogate marker of the serrated 
neoplasia pathway. 


Bae JM, Kim JH, Rhee YY, Cho NY, Kim TY, Kang GH. 
Annexin A10 expression in colorectal cancers with emphasis 
on the serrated neoplasia pathway. World J Gastroenterol 2015; 
21(33): 9749-9757 Available from: URL: http://www.wjgnet. 
com/1007-9327/full/v21/i33/9749.htm DOI: http://dx.doi. 
org/10.3748/wjg.v21.i33.9749 


INTRODUCTION 

Colorectal cancer (CRC) shows heterogeneity in terms 
of its molecular carcinogenesis, and this heterogeneity 


contributes to clinical and histomorphological va¬ 
riation^. Currently, there are three widely accepted 
colorectal carcinogenic pathways, the chromosomal 
instability (CIN) pathway, the microsatellite instability 
(MSI) pathway, and the epigenetic instability pathway, 
which corresponds to the CpG island methylator 
phenotype (CIMP). The CIN pathway is characterized 
by alterations in the number and structure of chro¬ 
mosomes, as well as by the accumulation of somatic 
mutations in genes including proto-oncogenes and 
tumor suppressor genes [2] . MSI is caused by a de¬ 
fective mismatch repair system and is characterized 
by alterations in the number of repeat nucleotide(s), 
leading to frame-shift mutations in the corresponding 
genes [3] . CIMP is characterized by widespread cancer- 
specific hypermethylation of numerous promoter CpG 
island loci [4] . Initially, these pathways were considered 
to be mutually exclusive, but recent comparative 
studies have reported that molecular alterations in 
these pathways can partially overlap [5] . 

CRC is one of the best models for studying 
multistep carcinogenesis. Virtually all CRCs originate 
from premalignant polyps, which can be detected 
by colonoscopy. Colorectal premalignant polyps 
are divided into two groups: adenomatous polyps 
(conventional adenomas), which are precursor lesions 
of CRCs with CIN, and serrated polyps, which are now 
considered to be precursor lesions of CRCs with CIMP 
and sporadic MSI [6] . Serrated polyps are series of 
polyps that share sawtooth-like glandular morphology. 
Serrated polyps are divided into hyperplastic polyps, 
sessile serrated adenomas/polyps (SSA/P) and 
traditional serrated adenomas (TSA). Serrated polyps 
are highly associated with CIMP, sporadic MSI and the 
BRAF mutation. 

Annexin A10 is a member of the annexin family, 
a large multigene family of calcium- and pho¬ 
spholipid-binding proteins. It plays important roles 
in physiologic processes including differentiation 
and proliferation [79] . Annexin A10 is expressed in 
the foveolar cells and glandular cells of the normal 
antral or body-type gastric mucosa. In addition, 
Annexin A10 is expressed in Brunner gland cells of 
the duodenum and urothelial cells of the renal pelvis 
and urinary bladder [10] . However, aberrant expression 
of Annexin A10 was found in malignant tumors of 
other tissue types, including oral cancer, pancreatic 
cancer, and lung cancer [10,11] . Recently, Gonzalo et al [12] 
proposed Annexin A10 as a marker for the colorectal 
serrated neoplasia pathway. They observed increased 
expression of Annexin A10 in SSA/P compared with 
normal colonic epithelia and microvesicular hyper¬ 
plastic polyps. However, little is known about Annexin 
A10 expression in invasive CRCs. 

Previously, we reported the correlation of Annexin 
A10 expression with the serrated neoplasia pathway 
using 168 microsatellite-unstable CRCs [13] . However, 
the evaluation of Annexin A10 expression in a large 
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Figure 1 Representative images of immunohistochemical staining for Annexin A10. A: Colorectal cancers (CRCs) with Annexin A10 expression (magnification x 
200); B: CRCs without Annexin A10 expression (magnification * 200). 


population is required to characterize the clini- 
copathological and molecular characteristics of Annexin 
A10, because of its low prevalence in CRCs [10,14] . 
In this study, we evaluated the clinicopathological 
characteristics and prognostic value of Annexin A10 
expression in 1133 primary CRCs and compared them 
with molecular profiles including CIMP, MSI, KRAS and 
BRAF mutation status. Finally, we evaluated whether 
Annexin A10 can be used as a surrogate marker for 
CRCs with CIMP. 


MATERIALS AND METHODS 

Tissue samples 

A total of 1527 patients with CRC underwent curative 
surgery at Seoul National University Hospital, Seoul, 
South Korea, from January 2004 to December 2007. 
After the exclusion of 394 patients with CRC [refusal of 
molecular study (n = 136), non-invasive cancers (n = 
50), familial adenomatous polyposis (n = 13), multiple 
occurrence (n = 78), neoadjuvant chemo- and/or 
radiotherapy (n = 89), recurrent tumors (n = 28)], 
formalin-fixed paraffin-embedded tissue samples from 
1133 patients with CRC were selected for this study. 
This study was approved by the Institutional Review 
Board. 

Clinicopathological analysis 

Clinicopathological characteristics including age, sex, 
tumor location, and TNM stage were obtained from 
electronic medical records. Through microscopic 
examination of representative sections of the tumors, 
we evaluated the following parameters without 
knowledge of the CIMP, MSI, KRAS and BRAF mutation 
status of the specimen: tumor differentiation, luminal 
necrosis, tumor budding, Crohn-like lymphoid reaction, 
number of tumor-infiltrating lymphocytes, luminal 
serration and extraglandular mucin production. Overall 
survival and progression-free survival data were 
extracted from the patient's medical records, direct 
interviews with surviving patients or members of 
patients' families or death registry offices. 


Evaluation of Annexin A10 expression 

Tissue microarray (TMA) construction using formalin- 
fixed, paraffin-embedded (FFPE) tissues from 
1133 CRCs was performed. Three different tumor 
areas in the FFPE tissue of individual CRCs were 
extracted as three tissue cores (2mm in diameter) 
for each case and were transferred to TMA blocks. 
Immunohistochemical analysis was performed with 
commercially available antibodies against Annexin A10 
(1:300, NBP1-90156, Novus Biologicals). Expression 
of Annexin A10 was assessed independently by two 
pathologists (Bae JM and Kang GH). The presence 
of Annexin A10 nuclear staining in more than 5% 
of the tumor area in any TMA core was classified 
as expression of Annexin A10 [13] . Tumors showing 
less than 5% nuclear staining of the tumor area or 
cytoplasmic staining without nuclear staining were 
classified as exhibiting no-expression of Annexin A10 
(Figure 1). 

KRAS, BRAF mutation and MSI analyses 

Through histological examination, representative 
tumor portions were marked and then subjected 
to manual microdissection. Dissected tissues were 
collected into microtubes containing lysis buffer and 
proteinase K and were incubated at 55 °C for 2 d. 
DNA from paraffin-embedded tissue was extracted, 
and polymerase chain reaction (PCR) was performed. 
Direct sequencing of KRAS codons 12 and 13, and 
allele-specific PCR for BRAF codon 600 were performed 
as previously described [15] . MSI status was determined 
by 5 NCI markers including BAT25, BAT26, D2S123, 
D5S346 and D17S250. MSI was defined when two 
or more markers were unstable, and microsatellite 
stable (MSS) was defined when only one marker was 
unstable or when all five markers were stable. 

Analysis of CpG island methylator phenotype 
Bisulfite DNA modification and real-time methylation 
specific PCR (MethyLight) assays were performed as 
described previously [16] . We quantified methylation 
of eight CIMP-specific markers ( CACNA1G , CDKN2A, 
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Table 1 Clinicopathologic and histologic features of Annexin 
A10 expression in colorectal cancers n (%) 


Parameter 

Annexin At 0 Annexin At 0 

no-expression expression 

C n = 1067, 94.2%) (n = 66, 5.8%) 

P value 

Age (mean ± SD) 

61.0 ± 11.1 

58.1 ± 12.6 

0.038 1 

Sex 

Male 

650 (60.9) 

27 (40.9) 

< 0.001 

Female 

417 (39.1) 

39 (59.1) 


Location 

Proximal colon 

237 (22.2) 

42 (63.6) 

< 0.001 

Distal colon 

430 (40.3) 

11 (16.7) 


Rectum 

400 (37.5) 

13 (19.7) 


Gross type 
Fungating 

708 (66.3) 

35 (53.0) 

0.027 

Ulcerative 

359 (33.7) 

31 (47.0) 


T category 

1 

47 (4.4) 

1 (1.5) 

< 0.001 2 

2 

164 (15.4) 

0 (0.0) 


3 

756 (70.8) 

52 (78.8) 


4 

100 (9.4) 

13 (19.7) 


N category 

0 

558 (52.3) 

16 (24.2) 

< 0.001 2 

1 

290 (27.2) 

23 (34.9) 


2 

219 (20.5) 

27 (40.9) 


M category 

0 

892 (83.6) 

49 (74.2) 

0.049 

1 

175 (16.4) 

17 (25.8) 


Stage 

I 

173 (16.2) 

0 (0.0) 

< 0.001 2 

n 

351 (32.9) 

15 (22.7) 


m 

368 (34.5) 

34 (51.5) 


IV 

175 (16.4) 

17 (25.7) 


Differentiation 

Well 

64 (6.0) 

2 (3.0) 

0.002 

Differentiated 

Moderately 

970 (90.9) 

56 (84.9) 


Differentiated 

Poorly 

33 (3.1) 

8 (12.1) 


Differentiated 

Luminal necrosis 

Absent 

83 (7.8) 

18 (27.3) 

< 0.001 

Present 

984 (92.2) 

48 (72.7) 


Tumor budding 
Absent 

36 (3.4) 

0 (0.0) 

0.264 3 

Present 

1031 (96.6) 

66 (100.0) 


T umor-infiltr ating 



0.316 

Lymphocytes 

Low TILs 

802 (75.2) 

39 (59.1) 


(< 8/HPF) 

High TILs 

265 (24.8) 

27 (40.9) 


(2* 8/HPF) 

Crohn 7 s-like 



0.470 

Lymphoid reaction 

Absent 

908 (85.1) 

54 (81.8) 


Present 

159 (14.9) 

12 (18.2) 


Luminal serration 

Absent 

1039 (97.4) 

50 (75.8) 

< 0.001 3 

Present 

28 (2.6) 

16 (24.2) 


Mucin production 

Absent 

958 (89.8) 

43 (65.1) 

< 0.001 

Present 

109 (10.2) 

23 (34.9) 



IStudent's t- test; 2 Wilcoxon rank-sum test; 3 Fisher 7 s exact test. S.D: 
Standard deviation; HPF: High power field. 


CRABP1, IGF2, MLH1 , NEUROG1, RUNX3 and SOCS1). 
CIMP-positive (CIMP-P) was defined by a tumor 
showing methylation in ^ five markers of the 8-marker 
CIMP panel and CIMP-negative (CIMP-N) as tumors 
showing methylation in ^ 4 markers (0 to 4 of 8 
promoters). 

Statistical analysis 

SAS system (version 9.3, SAS Institute, Cary, NC, 
United States) and R software were used for statistical 
analyses. The age of each group was compared 
using Student's t- test. The other clinicopathological 
characteristics between groups were compared using 

test or Fisher's exact test for categorical variables 
and Wilcoxon's rank-sum test for ordinal variables. 
The survival curves after surgery were estimated 
by Kaplan-Meier method and the differences in the 
survival curves were tested by log-rank test. Cox 
proportional hazards models were used to estimate 
hazard ratios and corresponding 95% confidence 
intervals (CIs) for the overall survival. The assumption 
of proportional hazards was checked by plotting the 
log[-log[S(t)]] against time on study. All statistical 
tests were two-sided, and statistical significance was 
defined as P < 0.05. 

The statistical methods of this study were reviewed 
by Myoung Jin Jang from Medical Research Collaborating 
Center, Seoul National University Hospital. 


RESUL TS 

Clinicopathological characteristics of Annexin A10 
expression 

Detailed clinicopathological features and histological 
features according to Annexin A10 expression are 
summarized in Table 1. A total of 1133 patients with 
CRC (mean age ± SD, 60.8 ± 11.2) were included 
in the immunohistochemical analysis. The male 
to female ratio was 1.48:1 (677 males and 456 
females). Tumor location was proximal colon (proximal 
to the splenic flexure) in 279 patients, distal colon 
in 441 patients and rectum in 413 patients. Median 
follow-up duration was 58.1 mo (0.3-89.8 mo). 
785 patients received 5-fluorouracil based adjuvant 
chemotherapy. 

Annexin A10 expression was observed in 66 (5.8%) 
patients. Annexin A10 expression was associated with 
lower age at diagnosis (P = 0.038), female sex (P < 
0.001), proximal tumor location (P < 0.001), advanced 
T category (P < 0.001), N category (P < 0.001), M 
category (P = 0.049) and more advanced TNM stage 
(P < 0.001). As shown with microscopic examination, 
Annexin A10 expression was associated with absence 
of luminal necrosis (P < 0.001), increased number of 
tumor-infiltrating lymphocytes (P = 0.003), luminal 
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Table 2 Comparison of Annexin A10 expression with other 
molecular characteristics in colorectal cancers n (%) 

Parameter 

Annexin A10 

Annexin A10 P value 


no-expression 

expression 


(n = 1067, 94.2%) 

in = 66, 5.8%) 

CIMP 


< 0.001 1 

CIMP-N 

1029 (96.4) 

41 (62.1) 

CIMP-P 

38 (3.6) 

25 (37.9) 

MSI 


< 0.001 1 

MSS 

995 (93.2) 

49 (74.2) 

MSI 

72 (6.8) 

17 (25.8) 

KRAS mutation 


0.399 

(n = 1071) 



Wild type 

745 (73.8) 

42 (68.8) 

Mutant type 

265 (26.2) 

19 (31.2) 

BRAF mutation 


< 0.001 1 

(n = 1005) 



Wild type 

912 (96.4) 

50 (84.7) 

Mutant type 

34 (3.6) 

9 (15.3) 



Wisher's exact test. CIMP: CpG island methylator phenotype; MSI: 
Microsatellite instability. 


CIMP-N/MSS 
{n = 1008) 

CIMP-N/MSI 
(n = 62) 

CIMP-P/MSS 
(n = 36) 

CIMP-P/MSI 
in = 27) 



Figure 2 Frequency of Annexin A10 expression according to four molecular 
subtypes. CIMP-N: CpG island methylator phenotype-negative; CIMP-P: 
CpG island methylator phenotype-positive; MSS: Microsatellite stable; MSI: 
Microsatellite instability. 



Figure 3 Univariate survival analysis in colorectal cancers according to 
Annexin A10 expression status. A: Overall survival; B: Progression-free survival. 
ANXA10-; Annexin A10 no-expression, ANXA10+: Annexin A10 expression. 


serration (P < 0.001) and mucin production (P < 
0 . 001 ). 

Molecular characteristics of Annexin A10 expression 

Table 2 shows molecular characteristics of CRCs 
according to Annexin A10 expression. Among the 
1133 CRCs, CIMP-P CRCs were detected in 63 (5.6%) 
patients and MSI CRCs were found in 88 (7.8%) 
patients. Annexin A10 expression was associated 
with CIMP-P CRCs (P < 0.001) and MSI CRCs (P < 
0.001). Sensitivity and specificity of Annexin A10 
expression for detection of CIMP-P CRCs were 39.7% 
and 96.2%, respectively. Positive predictive value (PPV) 
and negative predictive value (NPV) of Annexin A10 
expression for detection of CIMP-P CRCs were 0.38 
and 0.96, respectively. In four molecular subtypes 
which were generated by the combined status of CIMP 
and MSI, Annexin A10 expression was observed in 


3.5% of CIMP-N/MSS CRCs, 9.7% of CIMP-N/MSI 
CRCs, 38.9% of CIMP-P/MSS CRCs and 40.8% of 
CIMP-P/MSI CRCs (Figure 2). In the mutation studies, 
CRCs with Annexin A10 expression showed a higher 
frequency of the BRAF mutation than did CRCs with 
Annexin A10 no-expression (P < 0.001). 

Survival analysis 

As shown using univariate survival analysis with 
Kaplan-Meier survival curves, patients with Annexin 
A10 expression showed worse overall survival (P = 
0.004) and progression-free survival (P = 0.008) than 
patients with Annexin A10 no-expression (Figure 3). 
Although sample size did not get enough power to 
predict clinical outcome, in stage IV CRCs, the Annexin 
A10 expression group showed shorter median overall 
survival (OS) (17.0 mo vs 25.3 mo, P < 0.001) and 
shorter progression-free survival (PFS) (7.5 mo vs 
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Figure 4 Stage-specific survival analysis according to Annexin A10 expression status. A: Overall survival for Stages I -m colorectal cancers (CRCs); B: 
Progression-free survival of Stages I -m CRCs; C: Overall survival of Stage IV CRCs; D: Progression-free survival of Stage IV CRCs. ANXA10-; Annexin A10 no¬ 
expression, ANXA10+: Annexin A10 expression. 


9.2 mo, p=0.010) compared with the Annexin A10 
no-expression group (Figure 4). However, stages I - 
m CRCs did not show a significant difference in clinical 
outcome according to Annexin A10 expression status 
(P = 0.500 for OS and P = 0.315 for PFS, median 
survival: not reached) (Figure 4). Multivariate survival 
analysis using Cox proportional hazard model in stage 
IV CRCs suggested that Annexin A10 expression 
could be an independent prognostic marker for 
overall survival in stage IV CRCs, despite limitation of 
insufficient sample size (Table 3). 


DISCUSSION 

CIMP is one of the molecular subtypes of CRC and 
is characterized by concurrent hypermethylation of 
promoter CpG islands in tumor-suppressor genes and 
tumor-associated genes. To characterize CIMP, we 


must measure the methylation status of several panels 
of multiple genes using methylation-specific PCR or 
the MethyLight assay [17 " 19] . However, these assays are 
not easily used in daily clinical practice because these 
assays require complicated work and show low cost- 
effectiveness and inconsistent results [20] . Therefore, an 
easily applicable strong surrogate marker is required 
to characterize CIMP clinically. Clear association of the 
BRAF mutation and CIMP led us to consider a recently 
developed BRAF V600E-specific antibody (clone 
VE1) [21] . Some studies showed excellent concordance 
of immunohistochemical staining results of clone VE1 
and the BRAF mutation determined by sequence 
analysis [22 " 24] . However, other studies reported poor 
sensitivity of clone VE1 immunostaining owing to its 
vulnerability to pretreatment conditions [25,26] . 

In a recent study, Annexin A10 was proposed 
as a surrogate marker for SSA/P [12] and found to be 
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Table 3 Univariate and multivariate Cox proportional hazards models for overall survival of stage IV colorectal cancers 


Univariate analysis 

Multivariate analysis 

Variable 

HR (95%CI) 

P value 

HR (95%CI) 

P value 

Differentiation (undifferentiated/differentiated) 

2.20 (1.31-3.72) 

0.003 

1.95 (1.07-3.56) 

0.030 

Tumor location (proximal colon/ distal colon, rectum) 

1.66 (1.16-2.38) 

0.005 

1.60 (1.06-2.42) 

0.025 

Adjuvant chemotherapy (treatment/no-treatment) 

0.42 (0.27-0.66) 

< 0.001 

0.47 (0.27-0.81) 

0.006 

Annexin A10 (expression/no-expression) 

3.13 (1.83-5.38) 

< 0.001 

2.38 (1.18-4.83) 

0.016 

Age (yr) (^ 65/< 65) 

1.54 (1.10-2.15) 

0.012 

1.37 (0.92-2.03) 

0.123 

Gross pattern (ulcerative/fungating) 

1.41 (1.01-1.96) 

0.042 

1.18 (0.81-1.71) 

0.387 

CIMP (CIMP-P/CIMP-N) 

2.24 (1.24-4.06) 

0.008 

1.13 (0.44-2.89) 

0.801 

MSI (MSI/MSS) 

2.46 (1.08-5.63) 

0.033 

1.46 (0.44-4.86) 

0.540 

BRAF mutation (Mt/Wt) 

2.42 (1.12-5.19) 

0.024 

1.67 (0.71-3.91) 

0.239 

Sex (male/female) 

1.03 (0.74-1.45) 

0.858 

- 

- 

KRAS mutation (Mt/Wt) 

1.09 (0.75-1.58) 

0.653 

- 

- 


HR: Hazard ratio; Cl: Confidence interval; CIMP-P: CpG island methylator phenotype-positive; CIMP-N: CpG island methylator phenotype-negative; MSI: 
Microsatellite instability; MSS: Microsatellite stable; Mt: Mutant type; Wt: Wild type. 


expressed even in traditional serrated adenomas [27] . 
Because SSA/P or traditional serrated adenomas are 
considered to be precursor lesions of CIMP-P CRCs, 
Annexin A10 expression could be another surrogate 
marker for CIMP-P CRCs. In a study by Tsai et al [28 \ 
Annexin A10 was found to be expressed in 28% of 
CIMP-P/MSI CRCs and 67% of CIMP-P/MSS CRCs. 
Our present study showed that Annexin A10 was 
expressed in 40.8% of CIMP-P/MSI CRCs and 38.9% 
of CIMP-P/MSS CRCs. These results imply that nuclear 
expression of Annexin A10 might be lost or reduced 
during multistep carcinogenesis of some SSA/P or 
another carcinogenic pathway can contribute to the 
development of CIMP-P CRCs. 

The clinicopathological characteristics of CRCs in 
which Annexin A10 is expressed are not well known. 
In this study, Annexin A10 expression was observed in 
5.8% of 1133 primary surgically resected CRCs. This 
result is similar to a previous study which reported 
that Annexin A10 was expressed in 6% of CRCs [10] . 
Tsai et a/ [28] reported that Annexin A10 expression is 
associated with right-side tumor location, moderate 
to poor differentiation, Crohn-like lymphoid reaction 
and lack of dirty necrosis, but there was no correlation 
with mucinous differentiation, medullary histology 
or tumor-infiltrating lymphocytes. Sajanti et al [29] 
reported that Annexin A10 expression was associated 
with proximal tumor location, mucin production 
and serrated histology, but there was no correlation 
with stage and grade. In our present study, CRCs 
with Annexin A10 expression were associated with 
lower age at diagnosis, female sex, proximal tumor 
location, advanced T, N, M category, advanced 
TNM stage, absence of luminal necrosis, increased 
number of tumor-infiltrating lymphocytes, luminal 
serration and mucin production. Ethnic difference 
and different proportion of molecular subtypes such 
as CIMP and MSI might contribute to discrepancies 
in clinicopathologic characteristics of Annexin A10 
expression between studies. However, previous studies 
had several limitations. The study of Tsai et a/ [28] might 
have selection bias because they included entire CRCs 
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which had CIMP, MSI and BRAF mutation as a case 
group, however CRCs with conventional pathway 
were randomly selected as a control group. The study 
of Sajanti et al [29] analyzed only 42.4% (146/344) 
of patients who underwent surgical resection in 
the enrollment period. Our present study showed 
clinicopathologic characteristics of Annexin A10 
expression in a large and consecutively collected CRC 
patient population. 

The prognostic value of Annexin A10 expression in 
CRCs has not yet been reported. However, association 
of Annexin A10 with poor prognostic molecular 
features such as CIMP and the BRAF mutation led us 
to assume that Annexin A10 was a poor prognostic 
indicator [30 " 32] . In this study, stage-specific survival 
analysis results showed that Annexin A10 expression 
is associated with poor OS and PFS in stage IV CRCs. 
Multivariate survival analysis confined to stage IV CRCs 
suggested that Annexin A10 expression could be an 
independent prognostic marker in advanced stage 
CRCs. 

This study has several limitations. First, Annexin 
A10 expression was measured using TMA. Regional 
heterogeneity of Annexin A10 expression was 
reported, so we could not exclude the possibility of 
false-negativity in Annexin A10 expression™. Second, 
exclusivity of Annexin A10 for sporadic MSI CRCs 
is inconclusive, but we could not evaluate germline 
mutation status of MMR genes ( hMLHl , hMSH2, 
hMSH6 and /?PMS2) [28 ' 33 ' 341 . Third, the proportion of 
CIMP-P, MSI and BRAF mutations in this study was low 
compared to Western population [31,35] . 

In conclusion, Annexin A10 expression has a 
supportive but inconclusive role as a surrogate marker 
of CIMP-P CRCs. Further studies focusing on the 
molecular mechanisms of Annexin A10 expression and 
its oncogenic functions in CRCs are required. 
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carcinogenesis in CRC displaying the CpG island methylator phenotype (CIMP). 
Recently, Annexin A10, a eukaryotic calcium- and phospholipid-binding protein, 
was proposed to be a surrogate marker for sessile serrated adenomas/polyps. 

Research frontiers 

In this study, the authors attempted to validate the utility of Annexin A10 as a 
surrogate marker of the serrated neoplasia pathway in invasive CRCs. 

Innovations and breakthroughs 

Annexin A10 expression was observed in 66 (5.8%) patients. CRCs with 
Annexin A10 expression were associated with CIMP, microsatellite instability 
and BRAF mutation. Annexin A10 expression was associated with poor overall 
survival and progression-free survival in stage IV CRCs. 

Applications 

The study results suggest that Annexin A10 expression has a supportive but 
inconclusive role as a surrogate marker of CIMP-P CRCs 

Terminology 

Annexin A10 is a member of the annexin family, a large multigene family 
of calcium- and phospholipid-binding proteins and plays important roles in 
physiologic processes including differentiation and proliferation. Serrated 
neoplasia pathway is a model of multistep carcinogenesis for CRCs which 
share serrated morphology, CIMP and BRAF mutation. 

Peer-review 

This is an interesting study investigating the association between Annexin A10 
expression and clinical behavior in CRC. 
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Abstract 

AIM: To evaluate the change in spectrum of gastric 
polyps in the Chinese population in the past ten years. 

METHODS: A total of 157902 consecutive patients 
undergoing esophagogastroduodenoscopy (EGD) from 
2004 to 2013 in a tertiary hospital were retrospectively 
reviewed using an EGD database. Endoscopic records 
of 4043 patients diagnosed with gastric polyps were 
recalled for analysis. Data including demographics, 
information on polyps such as location, pathological 
diagnosis, reflux esophagitis and Helicobacter pylori 
infection were obtained. We focused on epithelial 
polyps, especially hyperplastic polyps, fundic gland 
polyps and adenomas, and histological classification of 
specimens from biopsy and endoscopic polypectomy 
was performed by professional pathologists, based on 
the updated guidelines. To explore the age distribution 
of gastric polyps over time, we divided patients with 
polyps into four groups: A (aged < 30 years), B (aged 
30-44 years), C (aged 45-59 years) and D (aged > 
60 years). Differences in localization, age, and sex 
distribution of gastric polyps were analyzed by sta¬ 
tistical software. 

RESULTS: A total of 157902 EGD procedures were 
performed in ten years at our digestive endoscopy 
center, of which 4043 cases were diagnosed with 
gastric polyps confirmed by pathology. There were 
2574 (63%) female and 1469 (37%) male patients with 
an average age of 54.7 years. The overall prevalence of 
gastric polyps was 2.6% (4043/157902). Our database 
demonstrated a rising prevalence of gastric polyps over 
the decade, increasing from 1.0% (80/8025) to 4.70% 
(828/17787) between 2004 and 2013. There has been 
a change in the spectrum of gastric polyps with the 
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frequencies of FGPs increasing from 19% (15/80) to 
77% (638/828) and hyperplastic polyps decreasing 
from 65% (52/80) to 15% (123/828). Moreover, data 
on 1921 polyps in 828 patients diagnosed with gastric 
polyps in 2013 showed that FGP was the most common 
type in the current polyp spectrum, making up 81.3% 
(1562/1921). Location and age distribution of gastric 
polyps have also altered. The prevalence of polyps 
located in the antrum decreased from 37.5% (30/80) 
to 9.30% (77/828), with an increasing prevalence of 
polyps in the corpus, from 45% (36/80) to 64.25% 
(532/828). The constituent ratio of older patients (aged 
> 60 years) in the polyp population decreased from 
62.5% (50/80) to 32.13% (266/828), while that of 
patients aged 45-60 years showed an increased trend. 

CONCLUSION: There was a shift change in the spe¬ 
ctrum of gastric polyps in the Chinese population with 
altered location and age distribution in the past ten 
years. 

Key words: Gastric polyps; Hyperplastic polyps; Fundic 
gland polyps; Adenomas; Helicobacter pylori 

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved. 


Core tip: Recent studies have suggested that fundic 
gland polyps (FGPs) are the dominant type of gas¬ 
tric polyps rather than hyperplasic polyps. In the 
Chinese population, data on the spectrum of gastric 
polyps are limited, and the dynamic change in polyp 
spectrum has never been evaluated on a large scale. 
Flence, we retrospectively reviewed 4043 cases with 
gastric polyps from 157902 patients who underwent 
esophagogastroduodenoscopy in a tertiary hospital 
over a 10-year period. We observed a dynamic change 
in the spectrum of gastric polyps, which presented as 
a shift in which FGPs rather than hyperplastic polyps 
were the most common type, and the age, location 
and sex distribution of gastric polyps were also altered. 


Fan NN, Yang J, Sun G, Lu ZS, Ling Hu EQ, Wang XD, Yang 
YS. Changes in the spectrum of gastric polyps in the Chinese 
population. World J Gastroenterol 2015; 21(33): 9758-9764 
Available from: URL: http://www.wjgnet.com/1007-9327/full/ 
v21/i33/9758.htm DOI: http://dx.doi.org/10.3748/wjg.v21. 
i33.9758 


INTRODUCTION 

Polyps are defined as protuberant lesions into the 
lumen originating in the epithelium or submucosa, 
which are characterized as sessile or pedunculated, 
sporadic, or part of a syndrome [1] . Gastric polyps 
are usual finding under endoscopic exam and most 
patients are asymptomatic. However, larger gastric 
polyps may result in some symptoms, such as 


bleeding, anemia, abdominal pain, and even gastric 
outlet obstruction [2 " 4] . Widespread use of endoscopic 
examinations contributes to improving the detected 
rate of gastric polyps. Endoscopic features of some 
polyps may be useful for diagnosis, yet not every 
polypoid lesion can be defined as a polyp unless 
histopathologically confirmed [5] . Based on histological 
features, gastric polyps are classified into two groups: 
neoplastic and non-neoplastic polyps with several 
subtypes [6] . Most gastric polyps are non-neoplastic, 
which is different to colorectal polyps. 

Hyperplastic polyps (HPPs) used to be the most 
common polyps [7,8] , with a relative prevalence of 
approximately 70% [1] . However, results from recent 
studies indicate that the prevalence of fundic gland 
polyps (FGPs) has increased greatly in recent 
decades. The reasons for this change remain unclear. 
Some previous studies have suggested several 
circumstances that may result in a spectrum change 
of gastric polyps [5] , which include expanded indications 
for esophagogastroduodenoscopy (EGD), long-term 
use of proton pump inhibitors (PPIs), decreasing 
Helicobacter pylori ( H . pylori ) infection, and enhanced 
health consciousness in the general population. FGPs 
are reported as the most common type of polyps 
detected at EGD in the United States [9] . Although a 
similar spectrum of gastric polyps is also reported 
in the Northern Chinese population™, few Chinese 
population-based data exist. Data on the spectrum and 
distribution patterns of gastric polyps in the Chinese 
patient population are limited, particularly for the 
dynamic observation of the spectrum of gastric polyps. 

In view of this, we evaluated the spectrum of 
gastric polyps in the Chinese population by reviewing 
a 10-year consecutive EGD database. We also 
hypothesized that location, age and sex distribution 
of gastric polyps may have changed with the altered 
spectrum of polyps over the past 10 years. 


MATERIALS AND METHODS 

This study was conducted at the Digestive Endoscopy 
Center of Chinese PLA General Hospital, which is a large 
hospital integrating medical services, education and 
research. All patients undergoing EGD in our center from 
January 1, 2004 to December 31, 2013 were analyzed 
retrospectively. All patients gave signed informed 
consent for EGD before the procedure. Specimens from 
biopsy and endoscopic polypectomy were interpreted 
by a professional group of pathologists. Gastric polyps 
of epithelial origin were included, while hamartomatous 
polyps, polyposis syndromes and non-mucosal intra¬ 
mural polyps were excluded. In particular, the study 
population excluded patients with esophageal, gastric or 
esophagogastric varices who underwent EGD, intended 
mainly for treatment with endoscopic cyanoacrylate 
injection, sclerotherapy or endoscopic variceal liga¬ 
tion, which is a characteristic endoscopy technique 
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Table 1 Overall demographics of gastric polyps, fundic gland 
polyps, hyperplastic polyps and adenomas n (%) 


GP FGP HPP Adenomas 


Age (yr) 
(mean ± SD) 

54.7 ± 12.9 

53.9 ± 12.6 

55.2 ± 13.3 

66.4 ± 10.1 

Gender 

2574:1469 

1190:857 

580:439 

16:59 

(F/M) 

(1.75:1) 

(1.39:1) 

(1.32:1) 

(1:3.69) 

Helicobacter 

186/4043 

82/2047 

59/1019 

1/75 

pylori 

infection rate 

(4.60) 

(4.0) 

(5.79) 

(1.33) 

Reflux 

356/4043 

219/2047 

39/1019 

- 

esophagitis 

incidence 

(8.81) 

(10.70) 

(3.83) 


Dysplasia 

68/4043 (1.68) 3/2047 (0.15) 14/2047 (0.68) 

45/75 (60) 

HIN 

25/4043 (0.62) 

- 

- 

23/75 (31) 


GP: Gastric polyp; FGP: Fundic gland polyp; HPP: Hyperplastic polyp. 


Table 2 Demographics, prevalence and sex distribution of 
gastric polyps in the past 10 years n (%) 


Year 

Cases 

Age (yr) 
(mean + SD) 

Gender (M/F) 

Prevalence 

2004 

80 

59.6 ± 14.7 

48:32 (1.5:1) 

80/8025 (1.0) 

2005 

74 

57.5 ± 11.4 

34:40 (1:1.18) 

74/10739 (0.7) 

2006 

140 

55.6 ± 10.7 

57:83 (1:1.46) 

140/13814 (0.8) 

2007 

218 

52.7 ± 11.3 

93:125 (1:1.34) 

218/17372 (1.3) 

2008 

275 

53.3 ± 10.7 

105:160 (1:1.52) 

275/17941 (1.5) 

2009 

462 

54.8 ± 13.1 

171:291 (1:1.70) 

462/18364 (2.5) 

2010 

496 

54.7 ± 12.8 

183:313 (1:1.71) 

496/17125 (2.9) 

2011 

664 

54.5 ± 12.5 

223:441 (1:1.98) 

664/17893 (3.7) 

2012 

806 

54.8 ± 12.9 

284:522 (1:1.83) 

806/18842 (4.7) 

2013 

828 

54.6 ± 12.1 

271:575 (1:2.12) 

828/17787 (4.7) 

Total 

4043 

54.7 ± 12.9 

1469:2574 (1:1.75) 

4043/157902 (2.6) 


performed in our department. 

Information on patients and polyps were obtained 
from endoscopy reports, which included age, sex, and 
location of gastric polyps, and histological diagnosis. 
Histological classification was carried out according 
to an updated classification suggested in the 2010 
guidelines of the British Society of Gastroenterology 
(BSG) [11] . Gastric polyps of epithelial origin mainly 
include HPPs, FGPs, and adenomas. We focused on 
epithelial polyps, especially HPPs, FGPs and adenomas, 
which are classic gastric polyps. Infection with H. pylori 
was diagnosed by histology. 

Statistical analysis 

All statistical calculations were performed with SPSS 
version 15.0. Mean and standard deviation (SD) 
were used to describe continuous variables, while 
percentages were used for discrete variables. The 
significance of possible associations between discrete 
variables was assessed by the Pearson^ 2 test. 


RESULTS 

Demographic characteristics of gastric polyps 
We performed a total of 157902 EGD procedures 


over the 10-year review period. The study population 
comprised patients referred for various indications. 
Among these, 4043 (2.60%) cases were diagnosed 
with gastric polyps by pathology. The average age 
and sex distribution of patients with gastric polyps 
are shown in Table 1. There were 2574 (63%) female 
and 1469 (37%) male patients, with a mean age of 
54.7 years (range: 8-92 years). Either FGP or HPP 
was significantly more frequent in women with a sex 
ratio of 1.39:1 and 1.32:1, respectively. However, only 
adenomas were predominant in men, with a male-to- 
female ratio of 3.69:1.0. 

The incidence of H. pylori infection in patients with 
gastric polyps diagnosed by pathology was 4.60% 
(186/4043). Among 1019 patients with HPPs, 59 
(5.79%) patients were pathologically confirmed to 
have H. pylori infection, which was significantly more 
common than that in the FGP (4.0%) and adenoma 
(1.33%) groups (P = 0.005). 293 (10.70%) patients 
with FGPs were diagnosed with reflux esophagitis 
(RE), which was higher than those without FGPs, yet 
there was no difference in the various types of gastric 
polyps. Information on dysplasia in FGPs, HPPs and 
adenomas was recorded, in terms of the malignant 
potential of different types of polyps causing differing 
consequences for patients. Dysplasia occurred in 
various types of gastric polyps. Notably, dyspepsia 
was detected in 45 of 75 patients with adenomas, and 
high-grade intraepithelial neoplasia was confirmed in 
23 cases, which was significantly higher than for other 
types of gastric polyps (60% vs 8.81%, P < 0.001; 
60% vs 0.15%, P = 0.0000; 60% vs 0.68%, P = 
0 . 0000 ). 

To explore the dynamic changes in age and sex 
distribution of gastric polyps, we also analyzed data 
on gastric polyp yield from EGD from 2004 to 2013 
(Table 2). The average age of patients with polyps (54.7 
years) was higher than the entire patient population 
(51.4 years). The average age of patients with gastric 
polyps showed a decreasing trend, from 59.6 years in 
2004 to 54.7 years in 2013. A female predominance in 
the polyp population was present, with the highest sex 
ratio of 2.12:1.0. Moreover, the incidence of H. pylori 
in the polyp population decreased significantly from 
8.75% (7/80) to 4.23% (35/828) (P = 0.2057/, while 
the prevalence of reflux esophagitis rose from 1.25% 
(1/80) to 11.35% (94/828) (P = 0.0048). 

Prevalence and distribution of various types of gastric 
polyps 

Among the 4043 cases with documented true polyps 
(both endoscopically and histologically identified), 
2647 cases were diagnosed with FGPs, followed by 
HPPs (1019 cases), with adenomas detected only in 75 
cases, and the remaining 302 cases were diagnosed 
with other types of gastric epithelial polyps, including 
polyps that could not be classified into definite types. 
The relative prevalence of FGPs, HPs and adenomas 
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Changes of the relative prevalence of gastric polyps 


• FGP 



7/ year 


Figure 1 Changes in the relative prevalence of gastric polyps. The relative 
prevalence of FGPs increased with a decrease in HPPs, and no significant 
change in the prevalence of adenoma in the past ten years. FGP: Fundic gland 
polyp; HPP: Hyperplastic polyp. 


Changes of H. pylori infection rate, RE 
incidence and Gastric polyps prevalence 



7/year 


Figure 2 Changes in Helicobacter pylori infection rate, reflux esophagitis 
(RE) incidence and gastric polyp prevalence. There was a gradual increase 
in the prevalence of gastric polyps from 2004 (1.0%, 80/8025) to 2013 (4.7%, 
828/17787), with an increased incidence of reflux esophagitis and a decrease 
in Helicobacter pylori infection rate in the overall patient population. RE: Reflux 
esophagitis. 

in this decade are described in Figure 1. The overall 
prevalence of FGPs, HPs and adenomas was 65% 
(2647/4043), 25% (1019/4043) and 1.9% (75/4043), 
respectively. There was an increase in the prevalence 
of gastric polyps on EGD in the past 10 years, which 
rose from 1.0% (80/8025) to 77% (638/828) (P 
= 0.0000) (Figure 2). FGP has become the most 
common type of gastric polyp rather than HPP. Figure 
1 indicates that the relative frequencies of FGPs and 
HPs have also altered, increasing from 19% (15/80) to 
77% (638/828) (P = 0.0000) for FGPs, and decreasing 
from 65% (52/80) to 15% (123/828) for HPPs (P = 


IS 
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Regional distribution of gastric 
polyps in the past 10 years 



7/ year 

Figure 3 Regional distribution of gastric polyps in the past ten years. 

There was a progressive shift toward the corpus in the regional distribution 
of gastric polyps over the past 10 years. The detection rate of gastric polyps 
located in the corpus increased from 45% (36/80) to 64.25% (532/828), and 
polyps in the antrum, pylorus and angle deceased from 37.5% (30/80) to 9.30% 
(77/828). 

0.0000). In order to re-evaluate the current spectrum 
of gastric polyps, we analyzed 1921 gastric polyps 
from 828 patients in 2013, of which 1561 were FGPs, 
213 HPs, and 6 adenomas. FGP was confirmed as the 
most common type in the current polyp spectrum, 
comprising up to 81.30% (1562/1921). 

Location and age distribution of gastric polyps 

Moreover, we analyzed the regional distribution of 
gastric polyps over the past ten years. In our patient 
population, most gastric polyps were detected in the 
corpus and fundus (Figure 3). There was a progressive 
shift toward the corpus in the regional distribution of 
gastric polyps (45% vs 64.25%, P = 0.0007). 

We divided patients with gastric polyps into four 
groups according to their age: Group A (aged < 30 
years), Group B (aged 30-44 years), Group C (aged 
45-59 years), and Group D (aged > 60 years). Overall, 
of 4043 cases, 1395 (34.5%) were aged > 60 years, 
with 17.29% and 44.99% in the younger age Groups 
B and C, respectively. Altered age distribution of 
gastric polyps was observed (Table 3). Patients aged 
45-59 years comprised nearly half (44.99%) of the 
entire polyp population in 2013, while patients aged 
> 60 years were predominant in the polyp population 
before 2006 (41.43% vs 32.13%, P = 0.031). Gastric 
polyps were rarely detected in patients aged < 30 
years, comprising only 3.22 % of patients with gastric 
polyps. 


DISCUSSION 

We reviewed some of the characteristics of gastric 
polyps in 4043 patients recorded in an EGD database 


WJG | www.wjgnet.com 


9761 


September 7, 2015 | Volume 21 | Issue 33 | 













Fan NN eta/. Spectrum of Chinese gastric polyps 


Table 3 Age distribution of gastric polyps in the past 10 
years n (%) 


Year Group A 


Group B 


Group C 


Group D 


2004 3/80 (3.8) 

2005 1/74 (1.35) 

2006 5/140 (3.57) 

2007 12/218 (5.5) 

2008 14/275 (5.09) 

2009 13/462(2.81) 

2010 10/496 (2.02) 

2011 22/664 (3.31) 

2012 28/806 (3.47) 

2013 22/828 (2.66) 
Total 130/4043(3.22) 


10/80 (12.5) 
13/74 (17.57) 
22/140 (15.71) 
51/218 (23.4) 
54/275 (19.26) 
89/462 (18.75) 
93/496 (19.64) 
97/664 (14.61) 
131/806 (16.25) 
139/828 (16.69) 
699/4043 (17.29) 


17/80 (21.25) 
24/74 (32.43) 
55/140 (39.29) 
88/218 (40.37) 
121/275 (44) 
195/462 (42.21) 
229/496 (46.17) 
329/664 (49.55) 
360/806 (44.67) 
401/828 (48.43) 
1819/4043(44.99) 


50/80 (62.5) 
36/74 (48.65) 
58/140 (41.43) 
67/218 (30.73) 
86/275 (31.27) 
165/462 (35.71) 
164/496 (33.06) 
216/664 (32.53) 
287/806 (35.61) 
266/828 (32.13) 
1395/4043 (34.5) 


in a tertiary hospital over a 10-year period, which 
provided the first large-scale consecutive data on 
gastric polyps in the Chinese population in the past ten 
years. This is also the first report on the prevalence, 
location and sex distribution of gastric polyps in the 
Chinese population. The prevalence of gastric polyps 
on EGD ranges between 3.00% and 6.35% [5,12] , 
which varies widely among published series, and 
correlates closely with the patient population [13] . In 
the present population, there was a gradual increase 
in the prevalence of gastric polyps in this decade, with 
the overall prevalence of 2.60% and 4.7% in 2013, 
respectively. Our data demonstrate the change in 
the spectrum of gastric polyps in China, with altered 
location and sex distribution. FGPs rather than HPPs 
are now the most common type of gastric polyps. 
Furthermore, there was an increasing age-specific 
prevalence of polyps in patients aged 45-59 years in 
this decade. We also confirmed a progressive shift 
towards the corpus in the regional distribution of 
gastric polyps. Gastric polyps occurred most frequently 
in the corpus of female patients aged 45-60 years, 
while adenomas were more frequent in the antrum of 
male patients aged > 60 years. 

We compared our data with those from previous 
studies in China and other countries [1,5,10,14 " 17] (Table 
4). The most significant difference in these studies 
of different populations was the relative proportion 
of FGPs. These differences may have been due to 
different populations, study design and methods, and 
time of study. Our data show a similar spectrum of 
polyps to that seen in a previous study in the Northern 
Chinese population [10] and in the USA [5] . In particular, 
the relative proportion of FGPs in the present study 
was consistent with that in the US study, which was 
up to 77% of gastric polyps. Our ten-year consecutive 
data on the relative proportion of FGPs suggest that 
FGPs have become the most predominant type since 
2008. Moreover, the studies from the USA and China 
conducted after 2008 showed a similar spectrum 
of polyps. This phenomenon is believed not to be 
coincidental, and supports the notion that there has 
been a change in the spectrum of gastric polyps 
in western countries and China, and needs to be 


confirmed by more data from other countries. 

In the present study, the polyp spectrum changed, 
with an increasing prevalence of FGPs. Several factors 
may explain this change. Although the relationship 
between PPI intake and FGP development remains 
controversial™ 223 , a series of studies support the role 
of long-term PPI intake in the genesis of FGPs [21,23,24] . 
The increased incidence of gastroesophageal reflux 
disease and socioeconomic development in China 
has resulted in more individuals taking PPIs, and an 
increase in PPI-related FGPs. Our data indicated that 
there were significant differences in the incidence of 
reflux esophagitis under endoscopy in patients with 
FGPs compared with gastric polyps overall and those 
with HPPs. It is notable that the incidence of reflux 
esophagitis in patients with gastric polyps overall 
showed an increasing annual trend, which coincided 
with the increased detection rate of FGPs. This finding 
suggests a positive association between FGPs and 
reflux esophagitis, given that patients with reflux 
esophagitis tend to use PPIs for prolonged periods, 
while the latter (PPIs) has been associated with 
FGPs in a series of studies [24,25] . In the latest study 
performed in the USA, reflux disease was also reported 
to be significantly more common in patients with 
fundic gland polyps [17] . Thus, our data may indirectly 
support a possible correlation between PPIs and FGPs. 
However, we could not obtain information on the use of 
PPIs in this retrospective study, and our observations 
could not demonstrate a clear correlation between 
PPIs or reflux esophagitis and FGPs. Hence, further 
investigations are needed to determine the role of PPIs 
in the genesis of sporadic FGPs. The decrease in H. 
pylori infection may be another important factor, which 
is reported to be negatively associated with HPPs [26 " 29] . 
Most gastric HPPs disappear after eradication of H. 
pylori, therefore the decrease in infection may have 
led to a decrease in the prevalence of HPPs, which was 
confirmed in our study. 

Few previous studies have addressed the pre¬ 
valence of gastric polyps in different age groups. We 
demonstrated altered location and age distribution 
of gastric polyps over the past decade in the present 
study. Advances in digestive endoscopy techniques 
and enhanced health awareness have extended 
the indications for EGD. As a result, EGD has been 
performed in younger individuals, and gastric polyps 
have been detected at an early age. HPPs were most 
common in the antrum™, while FGPs were most 
common in the fundus and upper corpus™, thus the 
regional distribution of gastric polyps has changed with 
the spectrum. Our data demonstrate that adenomas 
are most common in elderly male patients, and have 
a high malignant potential with dysplasia occurring 
in 60% of cases, indicating that endoscopists should 
be aware of the presence of adenomas with high 
malignant potential in that population. 

The present study was conducted in a tertiary 
hospital center over a long period of time, with large 
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Table 4 Spectra of gastric polyps in previous and current studies 


Ref. 

Country 

Pub. year 

Years 

Prevalence of polyps 

No. of 
polyps 

Median age 
(yr) 

Gender 

(F/M) 

FGP 

HPP 

Adenoma 

Deppisch et al [7] 

United States 

1989 

10 

- 

121 

- 

- 

17% 

75% 

8.6% 

Stolte etal [12] 

Germany 

1994 

20 

- 

5515 

NR 

NR 

47% 

28.3% 

9% 

Sivelli et al [13] 

Italy 

2002 

6 


164 

61.4 

01:01.5 

NR 

44.5% 

16.4% 

Gencosmanoglu et al [u] 

Turkey 

2003 

5 

- 

150 

53 

1.4:1 

14% 

64% 

3% 

Morais et al [1] 

Brazil 

2007 

5 

153/26000 (0.59%) 

153 

64 

01:01.4 

16.3% 

71.3% 

12.4% 

Carmack et al [5] 

United States 

2009 

1 

7877/121564 (6.35%) 

7877 

56 

1.4:1 

77% 

17% 

0.7% 

Cao etal m 

China 

2000 

1 

68/6784 (1.0%) 

68 

56.8 

1.7:1 

8.8% 

48.5% 

14.7% 

Cao etal m 

China 

2010 

1 

183/17337 (1.0%) 

183 

55.9 

2.0:1 

66.1% 

20.8% 

4.9% 

The present study 

China 

2004-2013 

10 

183/157902 (2.60%) 

4043 

54.7 

1.75:1 

65% 

25% 

1.9% 

The present study 

China 

2013 

1 

828/17787 (4.7%) 

828 

54.6 

2.12:1 

75% 

17% 

0.5% 

Sonnenberg et al [17] 

United States 

2015 

1 

71575 /927137 (7.72%) 

71575 

- 

2.03:1 

79.9% 

18.6% 

0.92% 


NR: Not reported; GP: Gastric polyp; FGP: Fundic gland polyp; HPP: Hyperplastic polyp. 


numbers of patients from different geographic areas in 
China, ensuring satisfactory representation of the entire 
nation in the results. However, this was a retrospective 
study and not a population-based screening study, 
therefore, when interpreting these data some factors 
should be taken into consideration. First, it was not a 
screening study based on an asymptomatic population 
undergoing EGD, and the study population comprised 
patients referred for various indications, and not all 
patients diagnosed with polyps or polypoid lesions 
by endoscopy accepted biopsy, thus the prevalence 
of polyps addressed in our study does not represent 
the true incidence in the entire population. Second, 
during the 10-year period, the guidelines for EGD and 
therapeutic trends have been updated. The biases 
of the population studied including socioeconomic, 
demographic and genetic characteristics should also 
be considered when comparing data from this study 
with previous studies. Lastly, H. pylori infection was 
diagnosed by pathology, which has a low sensitivity, 
resulting in a lower incidence of infection than the true 
situation. 

In summary, the detection rate of gastric polyps 
in the Chinese population has gradually increased 
with widespread use of EGD in the recent decade. 
The spectrum of gastric polyps has changed, with 
FGPs rather than HPPs as the most common type of 
polyp. Widespread use of PPIs and decreased H. pylori 
infection may explain this change. Location and age 
distribution of gastric polyps have also been altered 
with the changed spectrum, where an increased 
number of polyps were detected in the corpus and a 
decreased proportion of patients aged > 60 years had 
polyps. These findings may allow us to explore the 
underlying factors associated with gastric polyps, and 
provide better endoscopic surveillance for the general 
population, especially in patients with gastric polyps. 


COMMENTS 


Background 

Gastric polyps are the most common positive finding in gastroendoscopic 


procedures. The prevalence of gastric polyps varies widely among published 
studies, and correlates closely with the patient population. An altered spectrum 
of gastric polyps in the Western population has been reported, yet data from the 
Chinese population are limited. 

Research frontiers 

Hyperplasic polyps were the most common type of gastric polyps. However, 
recent studies suggest a shift towards fundic gland polyps, which may 
be associated with several circumstances such as widespread use and 
expanded indications for endoscopic examinations, increased incidence of 
gastroesophageal reflux disease, and frequent intake of proton pump inhibitors. 

Innovations and breakthroughs 

The present study provides the first large-scale consecutive data on gastric 
polyps in the Chinese population over a 10-year period. It also provides 
information on the prevalence, location and sex distribution of gastric polyps in 
the Chinese population. 

Applications 

Evaluation of the dynamic change in the spectrum, location and age distribution 
of gastric polyps can help determine the underlying factors associated with 
gastric polyps, and provide better endoscopic surveillance for the general 
population, especially patients with gastric polyps. 

Terminology 

Polyps are defined as protuberant lesions into the lumen originating in the 
epithelium or submucosa, which are characterized as sessile or pedunculated, 
sporadic, or part of a syndrome. Gastric polyps can be classified into various 
types, and hyperplastic polyps, fundic gland polyps and adenomas are 
common. 

Peer-review 

This is one of the largest series of the last years, providing a clear picture of 
epidemiology of gastric polyps in China, and underlines the correlation between 
type of polyps, location, age and associated pathologies. Moreover, a dynamic 
change in spectrum of gastric polyps is described. However, an obvious 
limitation is the retrospectivity of the present study, and further prospective 
studies should be encouraged. 
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Abstract 

AIM: To investigate the relationship among pretreat¬ 
ment serum CXC chemokine ligand 10 (CXCL10), 
thyroid peroxidase antibody (TPOAb) levels and thyroid 
dysfunction (TD) in Chinese hepatitis C patients. 

METHODS: One hundred and thirty-nine treatment- 
naive genotype 1 chronic hepatitis C patients with no 
history of TD or treatment with thyroid hormones were 
enrolled in this study. Patients underwent peginterferon 
alfa-2a/ribavirin (PegIFNa-2a/RBV) treatment for 48 
wk, followed by detection of clinical factors at each 
follow-up point. Hepatitis C virus (HCV) antibodies 
were analyzed using microsomal chemiluminescence, 
and serum HCV RNA was measured by real-time PCR 
assay at 0, 4, 12, 24 and 48 wk after the initiation of 
therapy and 24 wk after the end of therapy. To assess 
thyroid function, serum thyroid stimulating hormone 
(TSH), free thyroxine (FT4), free triodothyronine (FT3) 
and TPOAb/thyroglobulin antibody (TGAb) levels were 
determined using chemiluminescent immunoassays 
every 3 mo. Serum CXCL10 levels were determined at 
baseline. 

RESULTS: The prevalence of TD was 18.0%. Twenty- 
one (84.0%) out of twenty-five patients exhibited 
normal thyroid function at week 24 after therapy. The 
rate of sustained virological response to PeglFNa- 
2a/RBV in our study was 59.0% (82/139), independent 
of thyroid function. Pretreatment serum CXCL10 levels 
were significantly increased in patients with euthyroid 
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status compared with patients with TD (495.2 ± 244.2 
pg/mL vs 310.0 ± 163.4 pg/mL, P = 0.012). Patients 
with TD were more frequently TPOAb-positive than 
non-TD (NTD) patients (24.2% vs 12.3%, P = 0.047) at 
baseline. Three of the one hundred and fifteen patients 
without TPOAb at baseline developed TD at the end 
of treatment (37.5% vs 2.6%, P = 0.000). Female 
patients exhibited an increased risk for developing TD 
compared with male patients (P = 0.014). 

CONCLUSION: Lower pretreatment serum CXCL10 
levels are associated with TD, and TD prevalence 
increases in female patients and patients who are 
positive for TPOAb at baseline. 

Key words: Thyroid dysfunction; Thyroid peroxidase 
antibody; CXC chemokine ligand 10; Peginterferon alfa- 
2a/ribavirin; China 

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved. 


Core tip: We present novel data on the influence of 
peginterferon alfa-2a/ribavirin (PegIFNa-2a/RBV) on 
thyroid function in Chinese genotype 1 hepatitis C virus 
(HCV)-infected patients over a 48-wk treatment period. 
The results demonstrate that the prevalence of thyroid 
dysfunction (TD) was 18.0%. Lower pretreatment 
serum CXCL10 levels were associated with PegIFNa-2a/ 
RBV induced TD in genotype 1 HCV-infected patients, 
and female patients exhibited an increased risk for 
developing TD compared with male patients. Baseline 
TPOAb positivity may also be a risk factor for TD 
development. However, most (84%) of the TD cases 
were reversible. To our knowledge, this is the first 
study to investigate the association of CXCL10 levels 
with PegIFNa-2a/RBV induced TD in genotype 1 HCV- 
infected patients in China. 


Zhang RW, Shao CP, Huo N, Li MR, Xi HL, Yu M, Xu XY. 
Thyroid dysfunction in Chinese hepatitis C patients: Prevalence 
and correlation with TPOAb and CXCL10. World J Gastroenterol 
2015; 21(33): 9765-9773 Available from: URL: http://www. 
wjgnet.com/1007-9327/full/v21/i33/9765.htm DOI: http://dx.doi. 
org/10.3748/wjg.v21.i33.9765 


INTRODUCTION_ 

Of the estimated 185 million people infected with 
hepatitis C virus (HCV) worldwide, 350000 die each 
year [1,2] . Currently, the standard treatment for chronic 
hepatitis C (CHC) patients in China is peginterferon 
and ribavirin in combination (PegIFNa-2a/RBV), with 
sustained virological response (SVR) rates of 54% to 
80% [3,4] . 

Despite its success, interferon-alpha (IFN-a) has a 
well-documented side effect profile, including influenza¬ 
like symptoms, and hematologic abnormalities lead 


to dose reductions in up to 40% of patients and drug 
discontinuation in 14% of patients [5] . Thyroid diseases, 
such as the emergence of thyroid autoantibodies (TAs) 
and thyroid dysfunction (TD), are common in CHC 
patients and represent extrahepatic manifestations of 
HCV infection [6,7] . Subclinical thyroiditis occurs in 20% 
to 40% of CHC patients, and clinical thyroiditis occurs 
in 5% to 10% of CHC patients [8] . TD may result from 
IFN-based therapy. In some cases, IFN-induced TD 
may lead to the discontinuation of IFN therapy, thus 
representing a major clinical problem in hepatitis C 
patients receiving IFN-a therapy [8] . IFN-a-related TD 
has been widely investigated, and preliminary studies 
have suggested that there are at least two different 
models by which IFN-a may induce TD: immune- 
mediated effects or direct toxicity to the thyroid. IFN-a 
exerts various effects on the immune system, many of 
which may lead to the development of autoimmunity. 
Upon culture with human thyroid follicular cells, 
type I IFNs inhibit thyroid-stimulating hormone (TSH) 
-induced gene expression of thyroglobulin (TG), 
thyroperoxidase (TPO), and sodium iodide symporter 
(NIS). This study assessed TSH receptor, TG, and TPO 
gene expression levels in a rat thyroid cell line, and 
the results demonstrated that IFN-a has a direct toxic 
effect on the thyroid. Chronic HCV infection appears to 
play a significant role in triggering thyroiditis among 
IFN a-treated patients [8,9] . 

CXC chemokine ligand 10 (CXCL10 or IP-10), a 
member of the CXC chemokine family, is expressed 
in the liver of CHC patients and selectively recruits 
activated T cells to inflammatory sites [10] . Evidence 
also indicates that circulating CXCL10 levels in¬ 
crease in HCV-infected patients with autoimmune 
thyroiditis [11] , potentially because CXCL10 recruits 
T-helper (Th) 1 lymphocytes. These cells secrete IFN-y 
and tumor necrosis factor (TNF), promoting further 
CXCL10 secretion and perpetuating the autoimmune 
process [12,13] . 

Although most thyroid autoimmunity cases exhibit 
no clinical symptoms, they are often characterized by 
the expression of thyroid antibodies (TAs), including 
thyroperoxidase antibody (TPOAb) and thyroglobulin 
antibody (TGAb). Data from pooled studies revealed 
that the risk of developing TD in CHC patients with 
baseline TAs positivity was 46.1%; whereas this risk 
was only 5.4% in TAs-negative CHC patients [14] . Our 
preliminary results indicate that the positive TPOAb 
IgG2 subclass was a risk factor for TD in untreated 
HCV patients, and may play an important role in TD 
development in CHC patients [15] . The appearance of 
TPOAb before treatment was a strong indicator of 
subsequent TD for CHC patients receiving PeglFNa- 
2a/RBV combination therapy. Female and TAs-positive 
patients were also more likely to develop TD during 
IFNa/RBV therapy 191 . 

Previous investigations showed that the addition of 
RBV to IFN-a therapy in HCV patients could increase 
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the risk of developing hypothyroidism [16] . However, it 
is not clear whether the addition of RBV affects the 
emergence of other TDs. Most studies have focused 
on the effects of combination therapy with standard 
IFN-a and RBV on the thyroid gland and demonstrated 
that the risk for developing TD during IFN-a therapy is 
closely correlated with mixed HCV genotype infection 
and lower HCV RNA levels, female gender, and 
pretreatment positivity for TAs (particularly TPOAb) [9] . 
Corresponding data on PegIFNa-2a/RBV induced TD in 
genotype 1 HCV-infected patients in China are rare and 
the related factors have not yet been fully elucidated. 

In the present study, we investigated the relation¬ 
ship among TPOAb, pretreatment serum CXCL10 
levels and the occurrence of PegIFNa-2a/RBV induced 
TD in patients with genotype 1 HCV infection in China. 


MATERIALS AND METHODS 

Ethics statement 

This study protocol conformed to the ethical guidelines 
of the 1975 Declaration of Helsinki and was approved 
by the ethics committee of Peking University People 
Hospital. Written informed consent was obtained 
from all participant subjects. Biological and behavioral 
information was linked anonymously to protect the 
participants' privacy. This procedure was approved by 
the ethics committee. 

Patients 

Two hundred and sixty CHC patients who visited the 
Department of Infectious Diseases, Peking University 
First Hospital from September 2009 to June 2011 
were included in this study. These patients came 
from five different regions of China (Beijing, Hebei 
province, Henan province, Heilongjiang province and 
Shanxi province), and the criteria for CHC diagnosis 
followed the Guideline of Prevention and Treatment 
of Hepatitis C [17] . All patients had compensated liver 
disease without cirrhosis, but never received hepatitis 
C treatment. Patients with hepatitis B virus (HBV) 
infection, or human immunodeficiency virus (HIV) 
infection and those who were pregnant or using 
amiodarone or lithium were excluded. HCV patients 
with other autoimmune disorders or treated with 
immuno-modulant drugs were also excluded. Further 
screening excluded 25 patients with a history of 
thyroid gland dysfunction, 80 patients who previously 
received IFN-a treatment and 26 patients who were 
not infected with genotype 1 HCV. A total of 139 HCV 
genotype 1 treatment-naTve patients were enrolled in 
the final study. All participants included had euthyroid 
status and never received thyroid hormone treatment. 

All enrolled CHC genotype-1 patients received a 
weekly 180 jug subcutaneous dose of PegIFNa-2a and 
a daily 600-1000 mg (according to body weight) dose 
of RBV for 48 wk. 


Laboratory assessment 

All patients fasted for 12 h prior to blood tests. Alanine 
aminotransferase (ALT), aspartate aminotransferase 
(AST), total and direct bilirubin (TBIL and DBIL), and 
albumin (ALB) were determined using an automatic 
biochemical analyzer [18] . HCV antibodies were analyzed 
using microsomal chemiluminescence (Abbott Diagnostics 
Division) [19] , and serum HCV RNA was measured by 
real-time PCR assay (COBAS Taqman HCV Test; Roche 
Molecular Systems, Pleasanton, CA) at 0, 4, 12, 24 and 
48 wk after the initiation of therapy and 24 wk after the 
end of therapy. 

To assess thyroid function, serum TSH, TPOAb/ 
TGAb, free thyroxine (FT4) and free triodothyronine 
(FT3) levels were determined using chemiluminescent 
immunoassays every 3 mo. Briefly, assay kits for TSH, 
FT3, and FT4 were purchased from ADVIA Centaur 
(Bayer Healthcare Diagnostics) and the kit for TPOAb/ 
TGAb was from IMMULITE 1000 (Diagnostic Products 
Corporation, Los Angeles, CA, United States). The 
normal range of each assay was as follows: TSH, 
0.35-5.5 juIU/mL; FT3, 3.50-6.50 pmol/L; and FT4, 
11.48-22.70 pmol/L. 

Clinical hypothyroidism was defined as a serum 
TSH level greater than 5.5 pIU/mL and a FT4 level 
less than 11.48 pmol/L. Clinical hyperthyroidism was 
diagnosed when TSH was less than 0.35 pIU/mL and 
FT4 was greater than 22.7 pmol/L and/or FT3 was 
greater than 6.5 pmol/L. Subclinical hypothyroidism 
or hyperthyroidism was diagnosed when serum TSH 
levels were greater than 5.5 |uIU/mL or less than 0.35 
juIU/mL, respectively, with normal FT3 and FT4 levels. 
TAs were considered positive when TPOAb ^ 35 IU/ 
mL or TGAb 40 IU/mL [15] . 

Serum CXCL10 measurements 

Serum CXCL10 levels were measured prior to treatment 
using the Quantikine human CXCL10 immunoassay (RD 
Systems, Minneapolis, MN, United States). All blood 
samples were stored at -80 °C until use in assays. 
These samples were diluted 1:2 with Calibrator Diluent 
RD6Q solution and analyzed in duplicate. The linear 
dynamic range for CXCL10 measurement in this assay 
was 7.8 to 500 pg/mL. 

Statistical analysis 

Categorical variables were compared between the 
groups using the j 2 test or the Fisher's exact test. 
Continuous variables were assessed using Student's 
t-test or the Mann-Whitney U test. Differences with a 
two-tailed P-value < 0.05 were considered statistically 
significant. Statistical analyses were conducted using 
SPSS version 16.0 (SPSS Inc, Chicago, IL, United States). 


RESULTS 

General information about the patients 

The demographic characteristics of the 139 CHC 
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Table t Demographic characteristics of the enrolled population 
at baseline 

n = 139 

Gender (%, male/female) 

50.4/49.6 

Age (yr) 1 

46.8 ± 14.0 

HCV RNA (logio, IU/mL f 

ALT (IU/L f 

6.3 (3.0, 7.74) 

60.0 (10, 527) 

AST (IU/L) 2 

46.0 (16.0, 264) 

TBIL (gmol/L) 2 

16.1 (5.0,150) 

DBIL (gmol/L) 2 

4.51 (0.48,108) 

ALB (g/L) 1 

42.57 ± 4.16 

Positive antibodies (%, TPOAb/TGAb) 

15.8%/8.6% 


1 mean ± SD; 2 median (minimum, maximum). TBIL: Total bilirubin; DBIL: 
Direct bilirubin; TP: Total protein; ALT: Alanine aminotransferase; AST: 
Aspartate aminotransferase; ALB: Albumin; TPOAb: Thyroid peroxidase 
antibody; TGAb: Thyroglobulin antibody. 

patients enrolled in the study are presented in Table 
1. In total, 70 male and 69 female CHC patients, with 
a mean age of 46.8 ± 14.0 years, participated in this 
study. Twenty-four (17.3%) patients were TPOAb and/ 
or TGAb positive (TPOAb: 15.8%; TGAb: 8.6%). Nine 
out of twenty-five patients with TD were TAs positive, 
and the ratio of TPOAb to TGAb was 8:3. 

Prevalence of TD 

The overall prevalence of thyroid abnormities was 
18.0% (5.0% in men and 13.0% in women) during 
the therapy. Following 48 wk of exposure to PeglFNa- 
2a/RBV, 25 out of 139 patients developed TD, 
including 7 (6 females and 1 male) with subclinical 
hyperthyroidism, 16 (10 females and 6 males) with 
subclinical hypothyroidism and 2 female patients with 
hypothyroidism. Table 2 summarizes the findings 
from the patients who had chronic hepatitis C and 
developed PegIFNa-2a/RBV-induced TD. Clinical 
hypothyroidism (1.4%) and subclinical hypothyroidism 
(11.5%) were more frequent than clinical hyperthy¬ 
roidism and subclinical hyperthyroidism (5.0%). Of 
these 25 patients, 15 developed TD at 24 wk of the 
therapy, including 9 with subclinical hypothyroidism, 
5 with subclinical hyperthyroidism and 1 with 
hypothyroidism. An additional 2 patients developed 
subclinical hyperthyroidism at week 36 of the 
therapy. At 48 wk of the therapy, 3 patients with 
subclinical hypothyroidism and 1 patient with overt 
hypothyroidism were observed. In patients with overt 
hypothyroidism, we began L-thyroxine treatment, 
which halted TD progression. In 21 (84.0%) out of 25 
patients, normal thyroid function was restored at 24 
wk after the end of therapy. PegIFNa-2a/RBV SVR rate 
was 59.0% (82/139), independent of thyroid function. 

Relationships among TPOAb, TD and CXCL10 

Table 3 presents the baseline characteristics of the CHC 
patients with TD and NTD. Female patients exhibited 
an increases risk for TD development compared with 
male patients. Serum AST levels and the frequency 


of TPOAb positivity in TD patients were significantly 
increased compared with NTD patients (AST levels: 
P = 0.018; TPOAb positivity: 24.2% vs 12.3%, P = 
0.047). However, no significant differences in ALT, 
TBIL, DBIL, ALB, HCV RNA levels, or the percentage 
of TGAb-positive patients were noted between the TD 
and NTD groups (P > 0.05). 

In our study, pretreatment serum CXCL10 levels 
were significantly increased in patients with euthyroid 
status compared with TD patients (495.2 ± 244.2 
pg/mL vs 310.0 ± 163.4 pg/mL, P = 0.012) (Figure 
1A). Although pretreatment serum CXCL10 levels 
were increased in TPOAb-positive vs TPOAb-negative 
patients, no significant differences were detected. 
(TPOAb positive/negative: 542.5 ± 107.2 pg/mL vs 
442.3 ± 249.8 pg/mL, P = 0.433) (Figure IB). 

The percentages of patients positive for TPOAb 
and/or TGAb were 17.3% (24/139) at baseline and 
22.3% (31/139) at the end of treatment (Table 4). 
Nine of twenty-four patients with TPOAb/TGAb at 
baseline developed TD. By contrast, three (one male 
and two females) of one hundred and fifteen patients 
without TPOAb/TGAb at baseline developed TD at the 
end of the treatment (37.5% vs 2.6%, P = 0.000). 


DISCUSSION_ 

We present novel data regarding the influence of 
PegIFNa-2a combined with RBV on thyroid function in 
Chinese adult genotype 1 HCV-infected patients over 
a 48-wk treatment period. The results demonstrate 
that the prevalence of thyroid abnormities was 18.0%, 
and lower pretreatment serum CXCL10 levels were 
associated with PegIFNa-2a/RBV induced TD. The 
prevalence of TD was increased in female patients and 
those who were TPOAb-positive at baseline. However, 
most (84%) of the TD cases were reversible. To our 
knowledge, this is the first study to investigate the 
association of CXCL10 levels with PegIFNa-2a/RBV- 
induced TD in genotype 1 HCV-infected patients in 
China. 

In our study, the PegIFNa-2a/RBV SVR rate was 
59.0% (82/139), independent of thyroid function. 
After 48 wk of PegIFNa-2a/RBV treatment, 25 out 
of 139 patients developed TD, including 16 patients 
with subclinical hypothyroidism, 7 with subclinical 
hyperthyroidism and 2 with hypothyroidism. Although 
a previous study reported that hypothyroidism was 
the most common type of TD induced by IFN [20,21] , 
subclinical hypothyroidism was most prevalent in 
our study. This discrepancy may be explained by 
differences in patient ethnicities, genetic backgrounds 
and the type of IFN used. 

IFN-associated thyroid disease was first reported 
in 1985 when three cases of hypothyroidism were 
observed in breast cancer patients who received IFN 
a treatment [22] . Studies report an incidence of TD 
during IFN-a plus RBV combination therapy of 4.7% to 
27.8% [23] , which may result from immune activation 
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Table 2 

Summary of thyroid dysfunction induced by pegylated interferon-a2a and ribavirin 




No. 

Gender 

Age 

Diagnosis time 

FT3 

FT4 

TSH 

Diagnosis 

Outcome 



(yr) 


(3.50-6.50 pmoI/L) 

(11.48-22.70 pmoI/L) 

(0.35-5.50 pIU/mL) 



l 

Female 

53 

12 th wk 

4.81 

11.66 

6.62 

Sub hypo 

Normal 

2 

Female 

61 

48 th wk 

4.67 

12.19 

19.61 

Sub hypo 

Normal 

3 

Female 

42 

24 th wk 

6.02 

11.56 

7.13 

Sub hypo 

Normal 

4 

Female 

40 

24 th wk 

5.88 

11.71 

8.95 

Sub hypo 

Normal 

5 

Female 

46 

24 th wk 

4.13 

14.13 

6.25 

Sub hypo 

Normal 

6 

Female 

56 

24 th wk 

5.46 

24.55 

11.01 

Sub hypo 

Normal 

7 

Female 

56 

OO 

i 

7T 

5.12 

12.89 

8.45 

Sub hypo 

Normal 

8 

Female 

44 

00 

i 

7T 

4.00 

24.36 

6.31 

Sub hypo 

Normal 

9 

Female 

41 

12 th wk 

6.19 

13.48 

5.58 

Sub hypo 

Sub hyper 

10 

Female 

45 

12 th wk 

5.27 

19.24 

6.15 

Sub hypo 

Normal 

11 

Male 

39 

24 th wk 

5.36 

13.45 

23.19 

Sub hypo 

Normal 

12 

Male 

28 

24 th wk 

5.44 

15.27 

6.66 

Sub hypo 

Normal 

13 

Male 

53 

24 th wk 

3.79 

14.67 

8.71 

Sub hypo 

Normal 

14 

Male 

50 

12 th wk 

6.20 

11.85 

37.42 

Sub hypo 

Normal 

15 

Male 

51 

24 th wk 

5.15 

12.47 

6.46 

Sub hypo 

Normal 

16 

Male 

18 

24 th wk 

4.95 

13.99 

6.16 

Sub hypo 

Normal 

17 

Female 

43 

24 th wk 

6.34 

13.89 

0.32 

Sub hyper 

Sub hyper 

18 

Female 

21 

36 th wk 

4.37 

21.24 

0.29 

Sub hyper 

Normal 

19 

Female 

38 

CO 

5.72 

12.97 

0.24 

Sub hyper 

Normal 

20 

Female 

28 

24 th wk 

4.19 

21.24 

0.32 

Sub hyper 

Normal 

21 

Female 

42 

24 th wk 

4.67 

16.47 

0.01 

Sub hyper 

Normal 

22 

Female 

33 

24 th wk 

5.31 

11.58 

0.12 

Sub hyper 

Normal 

23 

Male 

70 

24 th wk 

5.77 

16.70 

0.02 

Sub hyper 

Normal 

24 

Female 

21 

24 th wk 

5.90 

5.97 

6.16 

Hypo 

Therapy 

25 

Female 

66 

48 th wk 

6.03 

0.97 

6.58 

Hypo 

Therapy 


Sub hypo: Subclinical hypothyroidism; Sub hyper: Subclinical hyperthyroidism; Hypo: Hypothyroidism. 


Table 3 Baseline characteristics of the thyroid dysfunction vs 
non-thyroid dysfunction chronic hepatitis C patients 


TDifn 

NTD.fn 

P value 

Gender (%, male/female) 

28.0/72.0 

55.3/45.7 

0.014 

Age (yr) 1 

43.40 ± 13.60 

47.50 ± 14.0 

0.183 

HCV RNA (logic, IU/mL) 2 

6.23 (3.54, 7.52) 

6.36 (3.0, 7.74) 

0.919 

ALT (IU/L f 

81.0 (26,416) 

55.0 (10, 527) 

0.162 

AST (IU/L) 2 

67.0 (26, 248) 

41.5 (16, 264) 

0.018 

TBIL(pmol/L) 2 

17.20 (8.9, 36.4) 

16.0 (5.0,150.0) 

0.732 

DBIL(pmol/L) 2 

4.57 (0.69,13.80) 

4.5 (0.48,108) 

0.447 

ALB (g/L) 1 

42.30 ± 4.24 

42.62 ± 4.15 

0.764 

TPOAb positivity 

24.2% 

12.3% 

0.047 

TGAb positivity 

12.0% 

7.9% 

0.469 

CXCL10 level (pg/mL) 1 

310.0 ± 163.4 

495.20 ± 244.2 

0.012 


1 mean ± SD; 2 median (minimum, maximum). TBIL: Total bilirubin; 
DBIL: Direct bilirubin; ALT: Alanine aminotransferase; AST: Aspartate 
aminotransferase; ALB: Albumin; TPOAb: Thyroid peroxidase antibody; 
TGAb: Thyroglobulin antibody. 


mediated by IFN. Jami et al [2A] demonstrated that 
patients who used pegylated IFN had a higher risk of 
TD than those using conventional IFN (14% vs 7%, P 
= 0.038). However, in a meta-analysis, Tran et a/ [25] 
found that pegylated IFN in combination with RBV 
did not cause more thyroid diseases in HCV-infected 
patients than classical IFN plus RBV. This variation 
may be explained by the differences in the race of the 
patients. In our study, 18.0% (25/139) of Chinese 
HCV-infected patients developed TD during PeglFNa- 
2a/RBV therapy. The incidence of TD in our subjects 
was increased compared with a large Australian cohort, 


u 

X 

u 



B 1600 


1200 


u 

2 


800 - 


400 - 


P = 0.433 



TPOAb(+) 


TPOAb (-) 


Figure 1 Pretreatment serum CXCL 10 levels according to patient 
characteristics. A: Serum CXCL 10 levels between PeglFNa-2a/RBV induced 
TD vs NTD; B: Serum CXCL 10 levels between TPOAb (+) and TPOAb (-). 
TD: Thyroid dysfunction; NTD: Non-thyroid dysfunction; PeglFNa-2a/RBV: 
Peginterferon alfa-2a/ribavirin. 
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Table 4 Numbers of patients treated with combination 
therapy positive for thyroid autoantibodies at enrollment and 
at the end of treatment 


TPOAb ( + ) only TGAb ( + ) only Both ( + ) Both (-) 

At baseline 12 7 5 115 

At the end of 13 10 8 108 

treatment 


TPOAb: Thyroid peroxidase antibody; TGAb: Thyroglobulin antibody. 

in which approximately 14% of patients developed TD 
during PegIFN/RBV therapy [24] . The difference between 
these two studies may result from differences in the 
race of the included patient populations and the virus 
genotypes. 

RBV can modulate the Thl and Th2 subset balance 
by activating type 1 cytokines in the HCV-specific 
immune response. Furthermore, RBV could also enhance 
the non-virus-induced immune response, suggesting 
that RBV, as a type 1-inducing agent, can trigger 
autoimmune phenomena in predisposed patients [26] . In 
previous studies, the incidence of TD induced by IFN 
monotherapy in CHC patients was 4% to 18%, with a 
mean incidence of approximately 6% in a meta-analysis 
study [27] . Earlier studies reveal that the mean incidence 
of TD in patients treated with combination therapy 
is increased compared with those treated with IFN 
alone [16] . 

In the present study, the enrolled genotype-1 
patients received PegIFNa-2a/RBV treatment for 48 
wk, and the prevalence of thyroid abnormities was 
18.0%. Some studies have suggested that higher 
doses of IFN-a and longer durations of therapy are 
risk factors for the development of IFN induced TD [14] . 
It is therefore possible that the longer time period of 
48 wk of therapy in our study increased the likelihood 
that patients developed TD. Fifteen patients developed 
TD at 24 wk of therapy, including 9 with subclinical 
hypothyroidism, 5 with subclinical hyperthyroidism 
and 1 with hypothyroidism. An additional 2 patients 
developed subclinical hyperthyroidism at 36 wk 
of therapy. At 48 wk of therapy, 3 patients with 
subclinical hypothyroidism and 1 patient with overt 
hypothyroidism were noted. L-thyroxine treatment 
was initiated in patients with overt hypothyroidism. It 
is worth noting that, by the end of the therapy, TD did 
not further progress among these patients. 

Whether the long-term evolution of TD is induced 
by IFN-a therapy remains controversial. Some studies 
indicate that TD is reversible in all patients, whereas 
others report that TD is only reversible in a proportion 
of the patients [28,29] . In our study, at week 24 post¬ 
treatment, normal thyroid function was restored in 
21 (84.0%) out of 25 patients. Such a discrepancy 
may result from the short time period of the follow-up 
study and a subsequently incomplete evaluation of TD 
status. There also may have been additional factors, 


such as differences in study designs, the time period 
of the follow-up, the population races, and individual 
variations. 

Our data revealed that 17.3% of patients were 
TAs-positive, whereas previous studies reported TAs 
incidence rates in HCV-infected patients ranging from 
10% to 45%; this discrepancy may be related to 
differences in the population race, genetic variations, 
geographical distribution, and environmental factors [16] . 
Data from the pooled studies indicate that the risk of 
TD in patients who were positive for TAs at baseline 
was increased compared with those without TAs at 
baseline [14] . Female gender and TAs positivity were 
shown to be the predictive factors of TD development 
during IFN-a/RBV therapy [24,30] . In our study, female 
patients had a higher risk for the development of TD 
than male patients. The baseline TPOAb-positivity have 
been suggested to be a risk factor for TD development 
secondarily to PegIFNa-2a/RBV treatment. We also 
demonstrated that the percentage of patients with 
elevated autoantibody levels developing TD was 
significantly higher than that of patients with normal 
autoantibody levels before treatment. 

A previous large-scale study in patients receiving 
combination therapy demonstrated that TGAb was 
present in 91.7% of patients, whereas TPOAb was 
present in 83.3% of those with overt hypothyroidism [31] . 
Thus, in combination therapy, TAs play an important 
role in predicting the emergence of TD. Analyzing 
TAs levels before combination therapy may therefore 
identify patients at risk for developing PegIFNa-2a/RBV- 
associated TD. 

Many studies have noted the Thl immune res¬ 
ponse and changes in CXCL10 chemokine level 
during HCV infection. It was recently reported that 
HCV-infected patients who developed IFN-induced 
dysfunction exhibited Thl polarization in their innate 
immune responses. The Thl immune response is 
characterized by increased IFN-y and TNF-a production 
by Thl lymphocytes. These chemokines subsequently 
stimulate CXCL10 secretion from the hepatocytes in 
chronic HCV infection, thus perpetuating the immune 
cascade [32] . Elevated serum CXCL10 levels are not only 
associated with the development of autoimmunity, 
but also lead to thyroid follicular destruction and 
hypothyroidism. Antonelli etaf 33] demonstrated that the 
development of TD during the IFN-a therapy correlated 
with significantly reduced CXCL10 serum levels, both 
before and during the treatment. A prospective study 
found that CXCL10 increased in HCV-infected patients, 
with no associated TD development, even after 
matching for sex and age [34] . We demonstrated that 
pretreatment serum CXCL10 levels were significantly 
increased in patients with euthyroid status compared 
with patients with TD. Although pretreatment serum 
CXCL10 levels were higher in TPOAb-positive than in 
TPOAb-negative patients, no significant difference was 
detected. However, the prevalence of TD was increased 
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in patients who were TPOAb-positive at baseline than 
patients who were not TPOAb-positive at baseline. 

Evidence also indicates that circulating CXCL10 levels 
increase in HCV-infected patients with autoimmune 
thyroiditis [11] , potentially because CXCL10 recruits 
T-helper (Th) 1 lymphocytes. Indeed, it is reasonable 
to hypothesize that the changes in serum CXCL10 may 
be more evident in patients developing overt TD, who 
show a microenvironment much more enriched in Thl 
molecules [33] . In our study, although high standard 
deviation was observed for both categories of patients, 
there was an important variation of the CXCL10 levels in 
HCV patients with or without TD. At least in the studied 
population, the values of CXCL10 were significantly 
lower in patients who developed TD. Maybe the reason 
is that the number of patients with overt TD was too 
small (only two) in our studied populations. Therefore, 
our results should be confirmed by studies with a much 
larger sample size. 

We studied the occurrence of TD in genotype 
1 HCV-infected patients, without examining other 
genotypes. Our findings must be confirmed by studies 
using a larger sample size with a longer follow-up 
period. 

In conclusion, low pretreatment serum CXCL10 
levels were associated with PegIFNa-2a/RBV induced 
TD in genotype 1 HCV-infected patients in China. The 
prevalence of TD was increased in female patients and 
patients who were TPOAb-positive at baseline. The 
appearance of TPOAb before treatment is predictive 
of subsequent TD for CHC patients receiving PeglFNa- 
2a/RBV combination therapy. Screening for TPOAb and 
CXCL10 before combination therapy may identify high- 
risk patients who are more likely to develop PeglFNa- 
2a/RBV-associated TD. Further studies are needed to 
elucidate the characteristics and mechanisms involved 
in PegIFNa-2a/RBV-induced TD in HCV-infected 
patients. 


COMMENTS 


Background 

Currently, the standard treatment for chronic hepatitis C (CHC) in China is 
combination peginterferon and ribavirin (RBV) therapy, and the sustained 
virological response rates are 54% to 80%. Despite its success, interferon 
(IFN)-a has a well-documented side effect profile, including thyroid diseases. 
The emergence of thyroid dysfunction (TD) may result from IFN-based 
therapy. In some cases, IFN-induced TD may cause the discontinuation of IFN 
therapy. Most studies have focused on the effects of combination therapy with 
standard IFN-a and ribavirin (RBV) on the thyroid gland and demonstrated 
that the risk for developing TD during IFN-a therapy is closely correlated with 
female gender and pretreatment TAs positivity (particularly TPOAb). Evidence 
indicates that circulating CXCL10 levels are increased in HCV-infected patients 
with autoimmune thyroiditis. The relationship among the pretreatment serum 
CXCL10 levels, TPOAb levels and the occurrence of peginterferon alfa-2a 
(PeglFNa-2a)/RBV-induced TD in patients with genotype 1 HCV infection in 
China is unclear. 

Research frontiers 

CXCL10 recruits Thl lymphocytes, which secrete IFN-y and tumor necrosis 
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factor, leading to further CXCL10 secretion and potentially the development of 
the autoimmunity. Data from pooled studies revealed that the risk of developing 
TD in CHC patients who were TAs-positive (TPOAb and TGAb) at baseline was 
46.1%. By contrast, this risk was only 5.4% in CHC patients who were TAs- 
negative at baseline. The preliminary results indicate that the TPOAb lgG2 
subclass was a risk factor for TD in untreated HCV patients, and may play an 
important role in TD development in CHC patients. The appearance of TPOAb 
before treatment is predictive of subsequent thyroid dysfunction for CHC 
patients receiving PeglFNa-2a/RBV combination therapy. 

Innovations and breakthroughs 

Lower pretreatment serum CXCL10 levels are associated with PeglFNa-2a/ 
RBV- induced TD in genotype 1 HCV-infected patients in China. The frequency 
of TD is increased in female patients and patients who are TPOAb-positive at 
baseline. However, most (84%) of the TD cases were reversible. This is the first 
study to investigate the association of CXCL10 levels with PeglFNa-2a/RBV- 
induced TD in genotype 1 HCV-infected patients in China. 

Applications 

The study results indicate that screening for TPOAb and CXCL10 before 
combination therapy may identify the patients who are at high risk for 
developing PeglFNa-2a/RBV-associated thyroid dysfunction. 

Terminology 

Clinical hypothyroidism was defined by serum TSH levels greater than 5.5 plU/mL 
and FT4 less than 11.48 pmol/L; whereas clinical hyperthyroidism was diagnosed 
when TSH levels were less than 0.35 jLxIU/mL and FT4 was greater than 22.7 
pmol/L and/or FT3 was greater than 6.5 pmol/L. Subclinical hypothyroidism or 
hyperthyroidism were defined by serum TSH levels higher than 5.5 julU/mL or 
lower than 0.35 julU/mL, respectively, with normal levels of FT3 and FT4. The 
patients was considered to be positive for TAs when TPOAb was greater than or 
equal to 35 lU/mL or TGAb was greater than or equal to 40 lU/mL. 

Peer-review 

Well-written and with valuable data, this manuscript reinforces the recom¬ 
mendation that HCV-infected patients should be screened for the presence 
of thyroid dysfunction markers before undergoing IFN-a/ribavirin treatment, 
because such treatment may increase the prevalence of TD. The value of 
TPOAb positivity as a marker for treatment-induced TD in HCV infected patients 
is also suggested by several studies. There is variation in CXCL10 levels in 
HCV patients with or without TD, as demonstrated by a high standard deviation 
observed for both categories of patients. 
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Abstract 

AIM: To determine the possible predisposing factors 
of bezoar-induced small bowel obstruction (BI-SBO) 
and to discuss the diagnostic value of multi-slice spiral 
computed tomography, particularly contrast-enhanced 
scanning, in this condition. 

METHODS: A total of 35 BI-SBO cases treated at 
our hospital from January 2007 to December 2013 
were retrospectively analysed. Complete clinical and 
computed tomography (CT) data of the patients were 
available and confirmed by surgery. SBO was clinically 
diagnosed on the basis of clinical manifestations. Of 
the 35 patients, 18 underwent abdominal and pelvic 
CT planar scanning with GE 64-slice spiral CT and 17 
underwent abdominal and pelvic CT planar scanning 
with GE 64-slice spiral CT combined with contrast- 
enhanced examination. Original images were processed 
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using a GE ADW4.3 workstation to obtain MPR, CPR, 
MIP and CTA images. The images of all patients were 
evaluated by two abdominal imaging experts. The 
main analytical contents of planar scanning included 
intestinal bezoar conditions, changes in the intestinal 
wall and changes in peri-intestinal conditions. Vascular 
hyperaemia and arterial blood supply conditions at 
a specific obstruction site and the distal end of the 
obstruction site were evaluated through contrast- 
enhanced examination. 

RESULTS: The proportion of males to females among 
the 35 cases was 1:1.69 (13:22); median age was 63.3 
years. The following cases were observed: 29 (82.8%) 
cases occurred in autumn and winter and showed 
a history of consuming high amounts of persimmon 
and hawthorn; 19 (54.3%) cases revealed a history 
of gastrointestinal surgery; 19 exhibited incomplete 
dentition, with missing partial or whole posterior teeth; 
26 suffered from obstruction at the ileum. A total of 
51 bezoars were found in these patients, of whom 
16 (45.7%) had multiple bezoars. CT planar scanning 
of bezoars showed lumps with mottled gas inside 
the intestinal cavity. Furthermore, 9 cases of bezoars 
had envelopes and 11 cases were accompanied with 
thickening of the distal wall of the obstructed bowel. 
Scanning of 17 cases was enhanced; the results 
revealed that the mesenteric blood vessels at the 
obstruction site and the proximal site were dilated, 
and a total of 7 cases were accompanied with distal 
vascular dilation and intestinal wall thickening. 

CONCLUSION: BI-SBO exhibits regional and seasonal 
characteristics. CT planar and contrast-enhanced 
scanning can be applied to diagnose and observe 
vascular conditions in obstructed zones. 

Keywords: Small bowel obstruction; Bezoar; Multi-slice 
computed tomography 

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved. 


Core tip: Bezoar-induced small bowel obstruction 
(BI-SBO) is a relatively rare clinical condition. BI- 
SBO exhibits regional and seasonal characteristics. 
This condition is associated with various predisposing 
factors. Multi-slice spiral computed tomography planar 
scanning can reveal intestinal bezoar conditions and 
changes in the intestinal wall and peri-intestinal 
conditions. Contrast-enhanced examination can further 
reveal vascular conditions, such as vascular hyperaemia 
and arterial blood supply conditions, in obstructed 
zones. 


Wang PY, Wang X, Zhang L, Li HF, Chen L, Wang X, Wang B. 
Bezoar-induced small bowel obstruction: Clinical characteristics 
and diagnostic value of multi-slice spiral computed tomography. 
World J Gastroenterol 2015; 21(33): 9774-9784 Available from: 
URL: http://www.wjgnet.com/1007-9327/full/v21/i33/9774.htm 


DOI: http://dx.doi.org/10.3748/wjg.v21.i33.9774 


INTRODUCTION 

Small bowel obstruction (SBO) is a common clinical 
disorder caused by various conditions. Common causes 
include postoperative adhesions (60%-80%), volvulus, 
intussusceptions, hernia, and tumours; bezoar- 
induced SBO (BI-SBO) is clinically rare, accounting for 
approximately 4% of all SBO cases [1 " 3] . Bezoars are 
solidified substances formed by mixing indigestible 
exogenous substances with other substances in the 
gastrointestinal tract; bezoars are commonly found 
inside the stomach but can enter the small intestine 
via the pylorus. Bezoar impaction in the small intestine 
likely causes SBO. BI-SBO cases are caused by small 
intestine-originated bezoars; in general, the small 
intestine of patients manifests common conditions, 
such as stenosis, diverticulum or tumorigenesis [4,5] . 
Bezoar formation is related to various factors, such as 
gastric motility disorders and gastrointestinal surgery. 
However, clinical manifestations of BI-SBO are not 
easily distinguished from intestinal obstruction caused 
by other factors [2] . As such, early surgical treatment 
is an essential and feasible treatment option; delayed 
treatment may significantly increase the incidence of 
complications and mortality [6] . 

Imaging examination plays an important role in 
the diagnosis of BI-SBO; for instance, multi-slice spiral 
computed tomography (MSCT) can be applied not 
only to accurately reveal causes, obstruction sites and 
obstruction degree but also to determine co-existing 
intestinal ischaemia or potential intestinal diseases [5,6] . 
Computed tomography (CT) images can also be used 
by clinicians as reference to develop rational treatment 
programs. With awareness of clinicians on BI-SBO 
and timely MSCT examination, this condition can be 
diagnosed in early stages and effectively treated. 
However, contrast-enhanced MSCT scanning has been 
rarely applied to diagnose BI-SBO. This study aimed 
to identify the predisposing factors affecting bezoar 
formation and to evaluate the diagnostic value of MSCT 
scanning, particularly contrast-enhanced examination, 
in BI-SBO; thus, clinical imaging and understanding of 
this disease can be enhanced. 


MATERIALS AND METHODS 

Clinical data 

A total of 35 BI-SBO cases treated at our hospital 
(Affiliated Hospital of Binzhou Medical College) from 
January 2007 to December 2013 were retrospectively 
analysed. Complete clinical and CT data of patients 
were available. Of the 35 patients, 13 were male and 
22 were female; the age of these patients ranged from 
45 to 83 years, with a mean age of 63.3 ± 10.4 years. 
SBO was clinically diagnosed on the basis of clinical 
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Table 1 Predisposing factors of bezoar-induced small bowel 
obstruction n (%) 

Predisposing factor 

Case 

Sex 

Male 

13 (37.1) 

Female 

22 (62.9) 

Age (yr) 

<63 

15 (42.9) 

^ 63 

20 (57.1) 

Symptom 

Abdominal pain 

23 (65.7) 

Abdominal distension 

35 (100) 

Vomiting 

15 (42.9) 

Defecation and exhaust stopping 

12 (34.3) 

Physical sign 

Fever 

7(20) 

Abdominal protuberance 

29 (82.9) 

Abdominal tenderness 

9 (25.7) 

Tenderness and rebound Tenderness 

9 (25.7) 

Cords 

7(20) 

Food intake before the onset 

Persimmon, hawthorn, jujube 

29 (82.9) 

Uncertainty 

6 (17.1) 

Previous history 

Stomach stone or bezoar treatment history 

3 (8.6) 

Gastroduodenal operation history 

19 (54.3) 

Other history of abdominal operation 

6 (8.6) 

Dental status 

Teeth sound (partial denture) 

9 (25.7) 

Partial or total loss of posterior teeth 

26 (74.3) 


manifestations (vomiting, abdominal pain, bloating, 
blocked defecation and exsufflation). All of the patients 
were diagnosed with BI-SBO through CT examination 
and confirmed through surgical procedures, including 
laparotomy and gastric or small intestinal endoscopy- 
broken suction operations. 

CT examination and image analysis 

CT examination was performed using a GE 64-slice 
spiral CT scanner (GE Lightspeed 64 VCT, United 
States). Of the 35 patients, 18 underwent abdominal 
and pelvic CT planar scanning and 17 patients 
underwent abdominal and pelvic CT planar scanning 
combined with contrast-enhanced examination. 
None of the patients underwent intestinal CT visual 
examination. In enhanced examination, a high pressure 
syringe was used to inject 100 mL of a non-ionic 
contrast agent (300 mg I Omnipaque; GE Healthcare, 
Shanghai, China) via the cubital vein at an injection 
rate of 3.5 mL/s. After the contrast agent was injected, 
scanning was performed at 26 and 60 s; afterwards, 
arterial and portal venous phase images were obtained, 
respectively. The following CT scan parameters were 
set: collimation, 5 mm; thickness, 5 mm; layer interval, 
2.5 mm; reconstructed layer thickness, 0.625 mm; 
120 kVp; and 250 mAs. Clinical data, original images 
and images processed in a GE ADW4.3 workstation 
(MPR, CPR, MIP and CTA) were recorded. 

The images of all patients were evaluated by 
two abdominal imaging experts; the following main 


analytical contents were considered: (1) intestinal 
bezoar conditions, such as location, number, shape, 
presence of an envelope and co-existence of a bezoar; 
(2) changes in the intestinal wall based on intestinal 
wall thickening, intestinal dilation and intestinal 
ischaemia or infarction, among others; (3) changes in 
peri-intestinal conditions, including mesenteric fuzzy 
(/.e., mesenteric fat density increased) and ascites; 
(4) contrast-enhanced examination mainly evaluated 
vascular hyperaemia (/.e., whether the number 
of mesenteric vessels increased or decreased and 
whether or not lumen expansion occurred) and arterial 
blood supply conditions at a particular obstruction 
site and the distal end of the obstruction site. If the 
two experts disagreed with a diagnostic opinion, a 
consensus was obtained after further consultations 
were performed. 


RESULTS 

Possible predisposing factors of BI-SBO 

The patients' clinical data are shown in Table 1. 
The proportion of males to females among the 35 
patients was 1:1.69 (13:22); median age was 63.3 
years (with a range of 45 years to 83 years). Clinical 
manifestations included all of the symptoms of acute 
intestinal obstruction, particularly abdominal distension 
(100%) and abdominal pain (65.7%); the most 
common sign was the presence of an abdominal bulge 
(82.9%). Three patients with acute obstruction suffered 
from fever, tenderness at specific abdominal site and 
rebound tenderness during physical examination. 
The patients were subjected to emergent surgery 
after they underwent abdominal and pelvic CT planar 
scanning. Thirty-two patients received conservative 
treatments, such as gastrointestinal decompression for 
1 d to 7 d. After the corresponding examinations were 
completed, 28 patients underwent open surgery, and 4 
patients underwent gastrointestinal endoscopic bezoar- 
broken suction operations. The patients were followed 
for three months; no recurrence was found. 

A total of 25 patients exhibited a history of 
abdominal surgery. Of these 25 patients, 19 under¬ 
went gastroduodenal surgery (3 cases of vagotomy 
and pyloroplasty; 16 cases of gastrectomy and 
gastrointestinal anastomosis, including 5 cases 
of gastroduodenal anastomosis and 11 cases of 
gastrojejunostomy), 3 underwent appendectomy, 2 
underwent subtotal hysterectomy, and 1 underwent 
post-traumatic splenectomy. Other medical histories 
included 9 cases of diabetes (6 cases were subjected to 
abdominal surgery and 3 other cases did not undergo 
surgery) and 1 case of secondary hypothyroidism after 
this patient was subjected to hyperthyroid surgery. 

The following patients manifested dental conditions. 
A total of 9 cases showed complete dentition (25.7%); 
of these cases, 2 retained all of their teeth, 4 had 
whole dentures and 3 exhibited partial dentures. A 
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Figure 1 Monthly incidence of bezoar-induced small bowel obstruction. 


Table 2 

Impaction sites. 

concomitant bezoars and computed 

tomography diagnosis 




Impaction 

site 

(17 = 35) 

Concomitant 

site 

Case, n 

CT confirmed, n 


Impaction 

bezoars 

Concomitant 

bezoars 

Duodenum No 

1 

1 

0 

Jejunum 

No 

6 

6 

0 


Stomach 

2 

2 

2 


Ileum 

1 

1 

1 

Ileum 

No 

12 

12 

0 


Stomach 

3 

3 

1 


Jejunum 

3 

3 

3 


Ileum 

7 

7 

7 

Total 


35 

35 

14 


CT: Computed tomography. 


total of 19 cases exhibited incomplete dentition with 
missing partial or whole posterior teeth. 

BI-SBO may occur throughout a year, but this 
condition is common from October to February, which 
coincides with Chinese autumn and winter (29/35, 
82.9%). Figure 1 shows the incidence of BI-SBO in 
each month. Before the onset of BI-SBO, 29 patients 
exhibited a history of consuming high amounts of 
persimmon (15 cases), hawthorn (13 cases) and 
jujube (1 case) under fasting conditions. Of these 
patients, 3 revealed a history of gastrolith treatment 
on 3 d to 9 d before the condition was manifested 
(gastroscopic broken suction operation) and 6 did not 
experience food intake-related conditions. 

A total of 51 bezoars were found in the 35 BI- 
SBO patients, of whom 19 contained only one bezoar 
and 16 revealed multiple bezoars (45.7%, Table 2). 
The obstruction sites were the duodenum (1 case), 
jejunum (8 cases) and ileum (26 cases). Co-existing 
bezoars were located in the stomach (5 bezoars), 
jejunum (3 bezoars) and ileum (8 cases). A total of 35 
bezoars (100%) were accurately diagnosed through 
CT examination, whereas 2 co-existing gastroliths 
among the 16 co-existing bezoars were misdiagnosed. 


Table 3 Computed tomography findings of impaction bezoars 


Signs 


Case 

Percentage 

Impaction bezoars 


35 


Well delineated mass 

With encapsulating 

6 

17.1 

in the intestinal lumen. 

wall 



with a mixed density and 
containing air 

Without 

29 

82.9 


encapsulating wall 



Bowel and perienteric 
changes 

Bowel wall thickening 

Obstruction and 

34 

97.1 


proximal 




With distal to the 

11 

31.4 


obstruction 



Lumen dilatation proximal 
to the obstruction 


34 

97.1 

Intestinal infarction 


0 

0 

Mesenteric haziness 


32 

91.4 

Ascites 


13 

37.1 

CTA changes 


17 


Mesenteric vascular 

Obstruction and 

17 

100 

engorgement 

proximal 




With distal to the 

7 

41.2 


obstruction 




CT findings of BI-SBO 

CT planar scanning revealed that the obstructed 
bezoars appeared as lumps with clear edges inside the 
intestinal cavity. The density of these bezoars revealed 
varied results with mottled gas shadow inside the 
cavity. In 3 cases of hawthorn bezoar, scattered high- 
density seeds were obtained. In terms of morphological 
characteristics, 26 were oval, 5 were tubular and 4 
were round. The performance of coexisting bezoars 
was similar to the obstructed bezoars. Only 6 (17.1%) 
cases of single obstructed bezoars and 3 cases of co¬ 
existing gastroliths contained an envelope (Table 3). 
CT images revealed that the 2 misdiagnosed gastrolith 
cases were also covered by an envelope, whereas the 
remaining bezoars were not covered by an envelope. 
In terms of obstruction sites, 34 cases exhibited 
proximal bowel dilation and 1 case occurred at the 
bottom of the site subjected to surgical anastomosis 
without evident proximal bowel dilation. All of the 
patients showed a gas-liquid surface in the obstructed 
proximal dilated intestine or stomach. A total of 34 
cases manifested thickening in the obstructed zone 
and proximal intestinal wall (97.1%) and 11 cases 
showed thickening of the obstructed distal intestinal 
wall. A total of 32 cases exhibited mesenteric fuzzy 
(91.4%) and 13 cases contained a small amount of 
ascites (37.1%). 

Enhanced scanning revealed 17 cases of mesenteric 
vascular congestion and dilation in the obstructed zone 
and obstructed proximal end; of these 17 patients, 7 
were accompanied with hyperaemia and thickening 
of the obstructed distal vessel wall. The obstruction 
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Figure 2 Representative case of a 50-year-old female with hawthorn small bowel obstruction. A: Computed tomography (CT) planar scan image showing 
that the duodenum expanded and contained an oval bezoar with gas (arrow); B: MPR image revealing the shape of bezoars and gastroduodenal anastomosis; 
anastomotic diameter was 4 cm (arrow); C: Peri-intestinal exudation and mesenteric vascular dilation of the distal end of SBO (arrows); D: Image displaying changes 
after bezoar-broken suction operation is performed. 



Figure 3 Representative case of a 58-year-old male with hawthorn small bowel obstruction. A: Contrast-enhanced examination result displaying the 
gastroduodenal anastomotic stoma of the artery; B: Oblique MPR revealing an oval bezoar in the distal end of the jejunum with shadows of high-density seeds (arrow); 
C: Sagittal reconstruction showing co-existing bezoar inside the ileum (arrow); D: Arterial phase image exhibiting the thickened and strengthened intestinal wall in the 
distal end of the obstruction site (arrow); E: Portal venous phase image showing a significantly enlarged vascular shadow and blurred mesentery of the proximal end 
of the dilated SBO intestine (arrow); F: CTA image revealing the thickening of the mesenteric blood vessel and peripheral exudation in the obstruction site (arrow). 
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Figure 4 Representative case of a 60-year-old female with diospyrobezoar-induced small bowel obstruction previously subjected to gastrectomy and 
gastrojejunostomy. A: Computed tomography (CT) planar scan image displaying the bezoar without an envelope inside the proximal end of the ileum; B: co-existing 
gastric bezoar with an envelope (arrow); C: CPR image showing the dilation of the proximal end of the obstructed intestine, bezoar and distal wall thickening at the 
obstruction site; D: Contrast-enhanced CT scan with an arterial phase image revealing a significant enhancement and thickening of obstruction regions and the distal 
end of the obstructed intestine; blood-supplying arteries exhibited hyperaemia (arrow); E: CTA image showing the same mesenteric artery (arrow) that provides blood 
supply for the transitional zone and the distal end of the obstruction site. 


sites and distal end of the obstruction sites of these 7 
patients were supplied with blood via one mesenteric 
arterial branch (Table 3, Figures 2-5). 


DISCUSSION 

A bezoar refers to the coagulum formed inside the 
digestive tract when indigestible exogenous substances 
are mixed with other substances; this condition is 
affected by several factors. Bezoars can be classified 
into different groups according to component sources: 
phytobezoar, trichobezoar, drug bezoar and lactic acid 
bacterium bezoar. Among these groups, phytobezoar 
is the most common type [7] . Phytobezoar is commonly 
found inside the stomach; partial phytobezoars may 
enter the small intestine, thereby causing impaction 
and complete SBO. BI-SBO is clinically rare, accounting 
for approximately 4% of all SBO cases [13,8] . Bezoar 
formation is not directly correlated with gender and 
age [1,9_11] ; furthermore, bezoar formation may be 
affected by several factors, such as diet, anatomical 
features, organic composition of the gastrointestinal 
tract and functional disorders [7,8,12 " 16] . 

In terms of diet, phytobezoar is mainly caused by 
consuming high amounts of vegetables or fruits, such 
as persimmon, hawthorn, date, prune, grape skin, 
celery, mango, banana, cactus fruit, fig and mushroom, 
which contain indigestible plant fibres [12,17,18] . These 


fruits and vegetables are rich in fibres, tannic acid and 
lignins. When consumed at high amounts, tannic acid 
is transformed from a monomeric form into a tannin- 
cellulose-protein complex via the actions of gastric 
acid. This complex exhibits a concrete-like viscosity 
and easily adhered to the gastrointestinal wall; a 
viscous mass is formed and may be incarcerated 
inside the gastrointestinal lumen, thereby causing 
obstruction [12,19,20] . Furthermore, seeds of multi¬ 
seed fruits, such as cactus fruit and fig, are prone 
to accumulate inside the small intestine and form 
obstructive lumps inside the intestinal cavity; as a 
result, intestinal obstruction occurs [12,13] . BI-SBO can 
affect individuals worldwide, although regional and 
seasonal characteristics can be observed. Conditions, 
such as persimmon and hawthorn stones, are more 
common in subtropical and temperate regions than 
in other regions; the onset of these conditions usually 
occurs in autumn and winter. In this study, all of 
the patients were located in the temperate zone; of 
these patients, 82.9% were detected in autumn and 
winter (31/35), and this finding is consistent with that 
described in previous studies [12,17,21] . 

In addition to the intake of large amounts of 
cellulose materials, other possible risk factors include 
history of gastrointestinal surgeries (such as vagotomy 
and pyloroplasty, gastrectomy and gastrojejunostomy 
or gastroduodenal anastomosis, and gastrointestinal 
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Figure 5 Representative case of a 71-year-old female with diospyrobezoar-induced small bowel obstruction. A and B: Computed tomography (CT) planar 
scan image revealing oval bezoars inside the gastrointestinal anastomotic stoma and the distal end of the jejunal cavity; adjacent mesentery was slightly blurred; C: 
The right rear end of the uterine bottom with a small amount of seroperitoneum (white arrow); D: MPR image showing the shape of a bezoar and a linear envelope 
(solid arrow); E: Artery phase image displaying no thickening of the distal intestinal wall at the obstruction site but with significant enhancement; F: CTA image showing 
different mesenteric arteries (dotted arrow) that provide blood supply for the transitional zone and the distal end of the obstruction site. 


stoma anastomosis), gastric motility disorders caused 
by various factors and poor dentition [2,5,22,23] . 

Vagotomy and partial gastrectomy can reduce 
gastric acid secretion, resulting in a weakly acidic 
environment and decrease in gastric motility; thus, 
removal of undigested solids from the stomach is 
likely delayed, thereby causing high amounts of 
viscous contents to form inside the stomach, which 
is prone to bezoar formation [12] . Gastroenterostomy, 
gastrojejunostomy or pyloroplasty can expand the 
outlet of the stomach; as such, undigested vegetable 
or fruit fibre lumps inside the stomach easily enter and 
form obstructive lumps in the small intestine, thereby 
causing incarceration and obstruction [12,16,19,24,25] . After 
gastroenterostomia occurs, the stricture of anastomotic 
stoma is a possible cause of bezoar formation [12,16,25] . 
In this study, 19 patients, including 11 cases of major 
gastrectomy plus gastrojejunostomy and 5 cases of 
major gastrectomy plus gastroduodenal anastomosis, 
revealed a history of gastrointestinal surgery. This 
high incidence of gastroenterostomia is similar to that 
recorded by Bedioui et a/ [12] . Ho et a/ [19] and Ulusan et 
al [24] also summarised the surgical histories of patients 
with BI-SBO, but relationships between different 
surgical methods and BI-SBO have not been reported. 

The hypodontia of posterior dentition or dentural 
malocclusion likely affects chewing functions; as a 


result, chewing and digestion disorders related to 
fibrous food occur; thus, lumps in the gastrointestinal 
tract can be easily formed and the probability of 
SBO occurrence possibly increases [15,22] . In this 
study, patients with partial or complete hypodontia 
of posterior dentition exhibited a significantly higher 
incidence of SBO than those with complete dentition; 
this result indicated that dentition status affects the 
incidence of BI-SBO. Similar to other studies, our study 
showed that diabetes, hypothyroidism, pernicious 
anaemia, kidney failure, postoperative bowel adhesions 
and other diseases can indirectly affect gastrointestinal 
motility and emptying; thus, BI-SBO occurs [17,25,26] . 

BI-SBO usually occurs at the narrow part of the 
small intestine, in particular, the distal end of the ileum 
is the most common site, especially at 50 cm to 70 
cm away from the ileocaecal valve. This condition 
commonly occurs at this site because the lumen of 
this small intestinal segment is narrow. Thus, bowel 
movements are slowed down, and a large amount 
of water inside bezoars is absorbed and motility is 
reduced. The jejunum is the second most common 
site [27,28] . In this study, 9 cases of BI-SBO were 
found in the jejunum and 26 cases were detected 
in the ileum; this finding is consistent with that des¬ 
cribed in previous studies. Considering patients' 
histories of gastrointestinal surgery, we found that 
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the obstructive sites of BI-SBO may be related to the 
size of gastrointestinal anastomosis. On one hand, 
a large anastomotic size (diameter ^ 30 mm) may 
easily cause a high incidence of SBO. This condition is 
possible because a large gastrolith mat easily enter the 
small intestine via the anastomotic stoma and cause 
incarceration in the corresponding luminal stenotic 
site; in particular, a bezoar with a diameter greater 
than that of the small intestine may easily form 
incarceration at a region closer to the anastomotic site. 
On the other hand, a small anastomotic stoma likely 
results in a low incidence of SBO. This condition is 
possible because a gastrolith larger than anastomotic 
stoma cannot easily enter the small intestine via the 
anastomotic stoma; thus, gastrolith enlarges in the 
stomach. By contrast, a small gastrolith easily enters 
the small intestine and gradually forms a large bezoar 
with slow intestinal movements; for instance, patients 
with reduced gastrointestinal motor functions exhibit 
reduced bezoar movement. Thus, obstruction sites 
are often found away from anastomotic sites. In this 
study, the patient with gastroduodenal anastomosis 
exhibited the largest SBO site. This patient revealed 
a wide anastomotic stoma (diameter = 40 mm). The 
obstruction site was located beneath the anastomotic 
stoma and above the duodenal papilla. Patients with 
BI-SBO exhibited co-existing bezoars in other parts, 
in addition to the obstructive bezoar; co-existing 
bezoars could be found in any part of the stomach 
and the small intestine. Approximately one-third of 
the patients also have gastroliths; these residual 
co-existing bezoars may be the main reason for 
recurrence after patients undergo surgery to remove 
bezoars from the small intestine [5,10] . In this study, 
16 (45.7%) patients showed co-existing bezoars, of 
whom 5 manifested co-existing gastroliths. This ratio 
was lower than that documented in a previous study. 
Only 3 patients underwent gastroscopic bezoar-broken 
suction operation 3 d to 9 d before disease onset; 
thus, SBO may be caused by bezoar residue or debris 
that formed after surgery is completed. 

The clinical manifestations of BI-SBO may vary 
according to different bezoar sizes, obstruction sites 
and degrees; the most common manifestations are 
complete mechanical intestinal obstructions, such as 
abdominal pain, bloating, nausea and vomiting. The 
diagnosis of BI-SBO based on clinical symptoms may 
delay surgical treatment and increase morbidity and 
mortality [2,22] . If BI-SBO patients revealed histories 
of gastrointestinal surgery or laparotomy, clinicians 
may initially consider adhesive intestinal obstruction 
and implement conservative treatments, which 
may adversely affect illness. Therefore, appropriate 
examination methods should be selected to diagnose 
BI-SBO in early stages and clinical treatments should 
be promptly administered [19,22,24] . 

Imaging examination is the main basis of SBO 
diagnosis. Abdominal X-ray, barium enema, abdominal 
ultrasound and endoscopy have been applied to 


diagnose SBO, but these examinations exhibit poor 
diagnostic accuracies and limitations. As such, the 
clinical use of these techniques is limited [9,10,19,22] . MSCT 
is characterized by several advantages, including fast 
scanning speed, non-invasive procedure and volume 
scanning. MSCT has become the preferred examination 
method to diagnose SBO. CT yields a diagnostic 
sensitivity for acute SBO of 73% to 95% [29] and an 
accuracy of 83% [30] . For BI-SBO, abdominal and pelvic 
CT scanning can be applied to locate bezoar causing 
SBO and obstructive degree, as well as co-existing 
multiple bezoars, intestinal ischaemia, strangulation, 
perforation or other potential intestinal diseases. In this 
procedure, acute abdominal symptoms caused by other 
causes are excluded; thus, right treatment options are 
selected and most efficient surgical approaches are 
determined [5,6,10,29 " 31] . 

In CT planar scanning, bezoar appears as round, 
oval or tubular masses with clear boundaries located 
inside the intestinal lumen, although densities varied 
and mottled gas density can be observed inside the 
lumen. Some bezoars may be covered with ring 
envelopes [5,9,31] . Altintoprak et a/ [13] reported that 
bezoars contain a large amount of gas and show 
wide intervals, as well as scattered high-density 
seeds characterizing hawthorn bezoars. Kim et a/ [5] 
suggested that gastrolith surface contains one coating 
layer of gastric mucosal secretions, which form a 
gelatinous membrane and cover bezoar surface; this 
membrane may be the encapsulating wall found in 
CT images. In CT planar scanning, air and fat can be 
identified by adjusting to a suitable window (WW- 
500HU, WL-50HU); the processed and obtained MPR 
image can then be used to observe intestinal bezoar, 
wall thickness, dilation extension, changes in intestinal 
perimeter and co-existence of bezoars [10,32] . Intestinal 
oedema and bleeding caused by bezoar incarceration 
can be used as "target signs". CT target signs likely 
prevent the passage of obstructive bezoar through the 
intestines. As such, conservative treatments may not be 
suitable or may eventually fail, and emergent surgery 
is thus needed [5] . In this study, 35 cases manifested 
typical signs, and accurate diagnosis was performed 
through CT planar scanning. However, 2 cases of co¬ 
existing gastrolith were misdiagnosed possibly because 
of radiologist's insufficient understanding of co¬ 
existing bezoars; observation was also not sufficiently 
comprehensive. The results also showed that 3 cases 
of hawthorn bezoar presented shadows of high-density 
seeds, whereas 1 case of diospyrobezoar did not show 
these high-density shadows. Furthermore, 5 cases of 
co-existing gastroliths were covered with an envelope, 
but the obstructive bezoars of the corresponding 
cases did not show definite capsules. This finding was 
explained by Kim et a/ [5] . All of the patients in our 
study showed no definite target signs. 

Multi-slice contrast-enhanced spiral CT examination 
(particularly in the arterial phase) combined with 
post-processing technologies (MPR, CPR, MIP and 
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CTA) can help identify lesion segments of the small 
intestine, vascular anatomical and morphological 
changes and intestinal ischaemia or infarction; the 
combined technology can also be applied to observe 
postoperative changes, including surgical methods, 
anastomotic stoma and input and output loops; thus, 
inductive factors, such as postoperative changes, 
adhesions or diverticulitis, can be determined before 
surgery is performed [21,24] . Geffroy et a/ [33] suggested 
that a dilated ansa is not significantly enhanced 
compared with an adjacent normal intestinal ansa 
of patients with SBO; as such, this condition is a 
specific sign of intestinal ischaemia. Geffroy et a/ [33] 
also demonstrated that CT planar scanning results 
may provide a false indication that the strengthening 
of lesion intestinal walls is normal when contrast- 
enhanced images show that the density of a dilated 
intestinal wall is increased (sign of ischaemia). As a 
consequence, intestinal ischaemia is misdiagnosed 
or diagnosed in late stages. In this study, the CTA 
images of 17 enhanced examination cases showed 
blood supply from mesenteric arterial branches and 
anastomotic branches in the lesion regions. The 
images also accurately revealed the obstruction site, 
thickening and tortuosity of anastomotic blood vessels 
of proximal dilated intestines, mesenteric perivascular 
exudation, oedema and ascites of the distal end of 
obstructive intestines; intestinal ischaemia or necrosis 
signs, such as enhancement reduction, were not 
found. 

Kim et a/ [5] considered that the thickening of the 
distal small intestinal wall in the obstruction site is a 
significant CT sign to determine the onset of basic 
intestinal diseases in patients with phytobezoars. 
However, this hypothesis should be further inves¬ 
tigated. In our study, 11 patients with thickened distal 
small intestinal wall in the obstruction site did not 
suffer from basic intestinal diseases; this finding is not 
consistent with that obtained by Kim eta/ [5] . Analysing 
the CTA images, we found that the thickening of 
distal small intestinal wall in the obstruction site may 
be related to the blood supply of the mesenteric 
branches; in other words, they are formed in proximity 
to the obstruction site. Furthermore, intestinal swelling, 
mesenteric vascular tortuosity and thickening and peri- 
intestinal secretion become evident when the distal 
end of the obstruction site and the transitional segment 
(located in the obstruction site between the dilated 
intestine and the collapsed intestine) supply blood 
for the same artery. By contrast, the inflammation 
degree of the distal end of the obstructive intestine 
likely decreases or swelling unlikely occurs when the 
distal end of the obstruction site and the transitional 
segment separately supply blood for the arterial branch 
(or the transitional segment located at the junction 
of two blood-supplying arteries); mesenteric vascular 
tortuosity and thickening, as well as peri-intestinal and 
perivascular exudation, are also unlikely evident. 

In CT diagnosis, BI-SBO should be distinguished 


from intestinal faeces- and gallstone-induced 
SBO. Bezoar and faeces related to SBO have been 
described; for instance, lumps should be considered 
as faeces if lumps inside the dilated intestines exhibit 
several characteristics, such as long longitudinal 
diameter, insufficient density in texture, no capsule, 
found in the proximal end of obstruction sites and 
floating-like properties. Lumps may be considered 
as bezoars if intestinal masses are located in the 
obstructive transitional zone, characterised by a 
clear edge, and bubble-like mottled behaviour and 
covered with an envelope [5,10,30,32] . The performance 
of gallstone ileus is similar to that of bezoar and can 
be accurately diagnosed on the basis of Rigler's image 
triad (SBO, pneumobilia and positive small intestinal 
ectopic gallstone) and biliary-enteric fistula [31,34 " 36] . Few 
bezoars may exhibit non-gas, solid soft tissue-density 
lumps. With CT planar scanning, small intestinal 
tumours or intussusceptions can be hardly identified; 
with enhanced CT scanning or contrast-enhanced 
examination, diagnosis can be confirmed. 

The formation of bezoars may be related to various 
predisposing factors; the onset of this condition in 
patients is often simultaneously affected by many 
factors. BI-SBO exhibits regional and seasonal 
characteristics; thus, clinicians should understand 
this feature to perform efficiently. BI-SBO also shows 
characteristic CT signs; thus, diagnosis through 
CT planar scanning is relatively easy based on the 
observed performance. Abdominal and pelvic contrast- 
enhanced CT examination can also efficiently reveal 
intestinal lesions, peri-intestinal changes and blood- 
supplying arteries; thus, this technique can help 
clinicians administer early appropriate interventions 
and improve patient outcomes. 


COMMENTS 


Background 

Small bowel obstruction (SBO) is a common clinical condition caused by 
various factors, including postoperative adhesions, volvulus, intussusceptions, 
hernia or tumours. Bezoar impaction-induced SBO (BI-SBO) is a clinically rare 
condition. Multi-slice spiral computed tomography (MSCT) plays an important 
role in the diagnosis of BI-SBO. 

Research frontiers 

The use of MSCT scanning can help diagnose SBO, reveal causes, obstruction 
site and obstruction degree and accurately determine co-existing intestinal 
ischaemia or potential intestinal diseases. 

Innovations and breakthroughs 

BI-SBO exhibits regional and seasonal characteristics. This condition is 
associated with various predisposing factors, such as gastric motility disorders 
and gastrointestinal surgery. MSCT is a valuable technology to diagnose BI- 
SBO. The major advantage of contrast-enhanced examination is the ability to 
observe vascular situations in obstructed zones, including vascular hyperaemia 
and arterial blood supply conditions. 

Applications 

Predisposing factors can trigger susceptible groups to develop BI-SBO. 
Contrast-enhanced MSCT examination can be applied to routinely observe 
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vascular conditions of patients with SBO. Further research should be conducted 
on SBO to promote the widespread use of MSCT. 

Terminology 

A bezoar refers to the coagulum formed inside the digestive tract when 
indigestible exogenous substances are mixed with other substances. A bezoar 
can be classified into different groups according to component sources: 
phytobezoar, trichobezoar, drug bezoar or lactic acid bacterium bezoar. 

Peer-review 

This study is an original research that highlights the application of MSCT to 
diagnose BI-SBO and simultaneously analyse predisposing factors. 
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Abstract 

AIM: To evaluate the accuracy of diffusion-weighted 
imaging (DWI) without bowel preparation, the op¬ 
timal b value and the changes in apparent diffusion 
coefficient (ADC) in detecting ulcerative colitis (UC). 

METHODS: A total of 20 patients who underwent 
3T magnetic resonance imaging (MRI) without 
bowel preparation and colonoscopy within 24 h were 
recruited. Biochemical indexes, including C-reactive 
protein (CRP), erythrocyte sedimentation rate, 
hemoglobin, leucocytes, platelets, serum iron and 
albumin, were determined. Biochemical examinations 
were then performed within 24 h before or after MR 
colonography was conducted. DWI was performed 
at various b values (b = 0, 400, 600, 800, and 1000 
s/mm 2 ). Two radiologists independently and blindly 
reviewed conventional- and contrast-enhanced MR 
images, DWI and ADC maps; these radiologists also 
determined ADC in each intestinal segment (rectum, 
sigmoid, left colon, transverse colon, and right colon). 
Receiver operating characteristic (ROC) analysis was 
performed to assess the diagnostic performance of 
DWI hyperintensity from various b factors, ADC values 
and different radiological signs to detect endoscopic 
inflammation in the corresponding bowel segment. 
Optimal ADC threshold was estimated by maximizing 
the combination of sensitivity and specificity. MR 
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findings were correlated with endoscopic results and 
clinical markers; these findings were then estimated by 
ROC analysis. 

RESULTS: A total of 100 segments (71 with endoscopic 
colonic inflammation; 29 normal) were included. The 
proposed total magnetic resonance score (MR-score-T) 
was correlated with the total modified Baron score 
(Baron-T; r = 0.875, P < 0.0001); the segmental MR 
score (MR-score-S) was correlated with the segmental 
modified Baron score (Baron-S; r = 0.761, P < 0.0001). 
MR-score-T was correlated with clinical and biological 
markers of disease activity (r = 0.445 to 0.831, P < 
0.05). MR-score-S > 1 corresponded to endoscopic 
colonic inflammation with a sensitivity of 85.9%, a 
specificity of 82.8% and an area under the curve 
(AUC) of 0.929 (P < 0.0001). The accuracy of DWI 
hyperintensity was significantly greater at b = 800 
than at b = 400, 600, or 1000 s/mm 2 {P < 0.05) when 
endoscopic colonic inflammation was detected. DWI 
hyperintensity at b = 800 s/mm 2 indicated endoscopic 
colonic inflammation with a sensitivity of 93.0%, a 
specificity of 79.3% and an AUC of 0.867 (P < 0.0001). 
Quantitative analysis results revealed that ADC values 
at b = 800 s/mm 2 differed significantly between 
endoscopic inflamed segment and normal intestinal 
segment (1.56 ± 0.58 mm 2 /s vs 2.63 ± 0.46 mm 2 /s, 
P < 0.001). The AUC of ADC values was 0.932 (95% 
confidence interval: 0.881-0.983) when endoscopic 
inflammation was detected. The threshold ADC value 
of 2.18 x 10" 3 mm 2 /s indicated that endoscopic 
inflammation differed from normal intestinal segment 
with a sensitivity of 89.7% and a specificity of 80.3%. 

CONCLUSION: DWI combined with conventional 
MRI without bowel preparation provides a quantitative 
strategy to differentiate actively inflamed intestinal 
segments from the normal mucosa to detect UC. 

Key words: Diffusion-weighted imaging; Apparent 
diffusion coefficient; Quantitative; Ulcerative colitis; 
Without bowel preparation 

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved. 


Core tip: Our results indicated that diffusion-weighted 
imaging (DWI) provides qualitative and quantitative 
information when this technique is combined with 
conventional magnetic resonance imaging without bowel 
preparation; the combined technique demonstrates 
a good diagnostic performance to detect colonic 
inflammation in ulcerative colitis. This technique is 
completely non-invasive, does not apply ionizing 
radiation or contrast material injection, does not require 
any bowel preparation and does not cause discomfort 
to patients. The optimal b value is 800 s/mm 2 . DWI 
hyperintensity at b = 800 s/mm 2 detected endoscopic 
colonic inflammation with a sensitivity of 93.0% and a 
specificity of 79.3%. 


Yu LL, Yang HS, Zhang BT, Lv ZW, Wang FR, Zhang CY, 
Chen WB, Zhang HM. Diffusion-weighted magnetic resonance 
imaging without bowel preparation for detection of ulcerative 
colitis. World JGastroenterol 2015; 21(33): 9785-9792 Available 
from: URL: http://www.wjgnet.com/1007-9327/full/v21/ 
i33/9785.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i33.9785 


INTRODUCTION_ 

Magnetic resonance imaging (MRI) is an excellent 
technique to accurately detect colorectal cancer [1 " 3] . 
MRI has been applied in the diagnosis and follow-up 
of patients with inflammatory bowel disease [3 " 15] . For 
such examinations and certainly for endoscopy, bowel 
cleansing preparations are required and are often 
poorly tolerated by patients [16] . Consequently, the use 
of MRI in clinical practice may be limited. 

Only a few studies have reported the use of 
diffusion-weighted imaging (DWI) in patients with 
ulcerative colitis (uc) [3,6,10 " 14,17] . Among these studies, 
only one [14] reported the value of quantitative DWI to 
assess inflammatory activity in UC. However, optimal 
b value of colon DWI to detect colonic inflammation in 
patients with UC has not yet been published. As such, 
optimal b value should be determined to produce high- 
quality apparent diffusion coefficient (ADC) maps that 
affect the accuracy of ADC measurements and visual 
imaging interpretations™. 

This study aimed to determine the optimal b value 
of colon DWI to detect colonic inflammation in patients 
with UC without bowel preparation at 3T, to evaluate 
the accuracy of DWI combined with MRI, and to 
investigate the changes in ADC of patients with UC. 


MATERIALS AND METHODS 

Patients 

This prospective observational study was conducted 
with an approval from our institutional review board. 
Informed consent was also obtained from all of the 
patients. A total of 23 patients with known or suspected 
UC underwent magnetic resonance colonography, 
including DWI without bowel preparation followed by 
colonoscopy within 24 h, between January 17, 2012 
and February 15, 2013. Patients who were diagnosed 
with UC by colonoscopy were enrolled in the study. 
These patients did not undergo interval treatment 
for UC between MRI and colonoscopy. Furthermore, 
patients were excluded if they were intolerant to 
colonoscopy or if they suffered from a toxic megacolon, 
revealed a history of abdominal surgery or experienced 
other systemic diseases. 

Clinical and biological markers 

The UC clinical score consisted of a modification 
of the four-category scoring system of the Mayo 
Clinic [19 ' 22] (Mayo index), namely, rectal bleeding, stool 
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frequency, functional assessment by a patient and 
global assessment by a physician. Scores ranged from 
0 (normal) to 3 (severe disease). Composite scores 
ranged from 0 (inactive disease) to 12 (severe disease 
activity). Biochemical indexes, including C-reactive 
protein (CRP), erythrocyte sedimentation rate (ESR), 
hemoglobin, leucocytes, platelets, serum iron and 
albumin, were obtained. Biochemical examinations 
were then performed within 24 h before or after MR 
colonography was conducted. 

MRI protocol 

MRI examinations were performed using a 3.0 T 
Philips scanner (Achieva 3.0T, YX, Best, Holland). 
The following sequences were obtained using an 
eight-channel, phased-array body coil: (1) axial and 
coronal balanced turbo field echo with and without 
fat suppression [repetition time (TR), 3.4 ms; echo 
time (TE), 1.4 ms; matrix, 224 x 224; flip angle, 45°; 
slice thickness, 6 mm; gap, 0 mm]; (2) axial and 
coronal T2-weighted single-shot fast spin echo with 
and without fat suppression (TR, 2000 ms; TE, 40 
ms; matrix, 256 x 256; slice thickness, 6 mm; gap, 0 
mm); (3) a 3D fast field echo (FFE) T1 sequence after 
intravenous administration of 0.2 mLykg body weight 
of gadopentetatedimeglumine (Magnevist, Bayer, 
Germany) at a rate of 2 mL/s for a dynamic study 
of the axial plane with an arterial phase (25 s after 
injection) and a portal phase (70 s after injection) and 
a 2D FFE with fat saturation at 3 min after injection in 
axial and coronal planes; and (4) axial and/or coronal 
diffusion-weighted images (b = 0, 400, 600, 800 and 
1000 s/mm 2 ; TR, 2357 ms; TE, 62 ms; matrix, 300 
x 231; slice thickness, 5 mm; gap, 0 mm; number of 
signals acquired, the field of view ranged between 32 
and 40 cm. Acquisition time for the DWI sequences 
covering the abdomen and the pelvis ranged from 3 
min to 5 min. 

MRI analysis 

DWI was examined at b = 0, 400, 600, 800 and 
1000 s/mm 2 . Two experienced radiologists who were 
blinded to clinical and endoscopic examination results 
independently reviewed DWI images and evaluated the 
radiological signs of DWI hyperintensity. The presence 
and absence of DWI hyperintensity in a specific 
segment were rated '1' and 'O', respectively. ADC maps 
were generated from the b factor (0 and 800 s/mm 2 ). 
To obtain ADC, we magnified the images and placed 
the oval regions of interest on the largest possible 
area covering the bowel wall. The measurements 
were conducted from the area of brightest signal in 
the bowel wall on the DWI image. The mean of the 
two ADCs was accepted as ADC of the segment. 
Based on a comprehensive review of the literature, 
seven radiological signs were evaluated: (1) DWI 
hyperintensity (b = 800 s/mm 2 ); (2) rapid gadolinium 
enhancement after intravenous contrast medium 


administration (20 s to 25 s after gadolinium infusion); 
(3) differentiation between the mucosa-submucosa 
complex and the muscularis; (4) bowel wall thickening 
(exceeding 5 mm); (5) parietal oedema; (6) the 
presence of ulceration(s); and (7) comb sign of 
engorged vasa recta that perpendicularly penetrated 
the bowel wall (18). These radiological signs were 
evaluated for each bowel segment as follows: 0 = 
absence and 1 = presence. The segmental MR-score 
(MR-score-S) was defined as the sum of the scores of 
the seven radiological signs for a specific segment. The 
total MR-score (MR-score-T) was defined as the sum of 
the MR-score-S for a patient, with values ranging from 
0 to 35. MR-scores were independently established by 
two experienced radiologists who were blinded to the 
endoscopic data. 

Colonoscopy 

Colonoscopy is considered the "gold standard" to 
detect colonic inflammation in UC. Oral ingestion of 
2000 mL to 3000 mL of polyethylene glycol electrolyte 
solution (Heshuang, China) was used to perform 
bowel preparation before colonoscopy was conducted. 
Colonoscopies were performed by two experienced 
endoscopists who had no prior knowledge of the 
MRI analysis results. The modified Baron score [19] 
represents an endoscopic lesion classification. This 
score ranges from 0 to 4, with 0 for normal mucosa, 
1 for granular mucosa with an abnormal vascular 
pattern, 2 for friable mucosa, 3 for micro-ulceration 
with spontaneous bleeding, and 4 for gross ulceration. 
The colon was divided into five sections: rectum, 
sigmoid, left colon, transverse colon and right colon. A 
segmental modified Baron score (Baron-S) represents 
the score of each section. The total modified Baron 
Score (Baron-T) was defined as the sum of the 
segmental scores. The result was considered "positive" 
if Baron-S ^ 1 and "negative" if Baron-S < 1. 

Statistical analysis 

Patients who underwent colonoscopy and were 
diagnosed with UC were recruited into the analysis. 
Data were performed with SPSS Statistics version 19.0 
and MedCalc version 12.4. All reported P-values were 
two-sided and P < 0.05 was considered statistically 
significant. 

Receiver operating characteristic (ROC) analysis was 
performed to assess the diagnostic performance of DWI 
hyperintensity from various b factors, ADC, MR-score-S 
and seven radiological signs to detect endoscopic 
inflammation in the corresponding bowel segment. 
Analysis was performed to calculate sensitivity, spe¬ 
cificity and area under the ROC curve (AUROC) with 
the associated P-value. The Delong mode was used 
to compare AUROC. Youden index analysis was 
performed to estimate the optimal ADC threshold 
value by maximizing the combination of sensitivity and 
specificity. 
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Table 1 Accuracy of diffusion-weighted imaging hyperintensity 
from different b values for detecting endoscopic inflammation 


AUROC 

Sens. 

Spec. 

P value 

b = 400 s/mm 2 

0.631 

69.0 

48.3 

0.0410 

b = 600 s/mm 2 

0.732 

81.7 

62.1 

0.0001 

b = 800 s/mm 2 

0.867 

93.0 

79.3 

0.0001 

b = 1000 s/mm 2 

0.721 

64.8 

79.3 

0.0010 


AUROC: Area under the receiver operating characteristic curve; Sens.: 
Sensitivity; Spec: Specificity. 


Correlative analysis was performed with Spearman's 
correlation coefficients as follows: (1) MR-score-S vs 
Baron-S; (2) MR-score-T vs Baron-T; (3) MR-score-T 
vs clinical and biological markers; and (4) Baron-T 
vs clinical and biological markers. The correlation 
coefficient of the MR-score was compared with that of 
the endoscopic scores. 

The inter-observer agreement for ADC measurements 
was performed by two radiologists and calculated 
with Pearson's correlation coefficient. Inter-observer 
agreements between two independent radiologists for 
the DWI hyperintensity and MR-score were evaluated 
by kappa statistic. 


RESULTS_ 

Among the 23 patients with known or suspected UC, 1 
failed to complete a full colonoscopy examination, and 
2 were finally diagnosed with Crohn's disease. Thus, a 
total of 20 patients were finally recruited in the study. 

Accuracy of DWI hyperintensity from various b values 
to detect endoscopic inflammation 

Table 1 presents the sensitivity, specificity and AUROC 
of DWI hyperintensity at b = 400, 600, 800 and 1000 
s/mm 2 . The DWI hyperintensity at b - 800 s/mm 2 
detected endoscopic inflammation with a sensitivity of 
93.0%, a specificity of 79.3%, and an AUROC of 0.867 
(P < 0.0001). The accuracy was significantly greater 
at b = 800 s/mm 2 than at b = 400, 600 or 1000 s/ 
mm 2 (P < 0.05; Figure 1). No significant differences 
in accuracy were found for b = 400, 600 and 1000 s/ 
mm 2 (P > 0.05). 

Quantitative analysis results revealed that the 
mean ADC at b - 800 s/mm 2 of the proven endoscopic 
mucosal inflammation was 1.56 ± 0.58 x 10' 3 mm 2 /s 
(range, 0.46 x 10" 3 mm 2 /s to 2.50 x 10' 3 mm 2 /s) 
compared with 2.63 ± 0.46 x 10" 3 mm 2 /s (range, 1.44 
x 10" 3 mm 2 /s to 4.03 x 10' 3 mm 2 /s) in normal bowel 
segments (P < 0.0001). The AUROC was 0.932 (95% 
confidence interval, 0.881 to 0.983). A threshold ADC 
value of 2.18 x 10' 3 mm 2 /s could differentiate inflamed 
bowel from normal bowel segments with a sensitivity 
of 89.7% and a specificity of 80.3%. 

Correlation between MRI and endoscopic findings 

MR-score-T was correlated with Baron-T (r = 0.875, P 



Figure 1 Accuracy of diffusion-weighted imaging hyperintensity from 
various b values to detect endoscopic inflammation. 



MR-score-T 

Figure 2 Correlation between total magnetic resonance score and total 
modified Baron score. 

< 0.0001; Figure 2) and MR-score-S was correlated 
with Baron-S (r = 0.761, P < 0.0001). 

Diagnostic performance of MR-score-S and seven signs 
to detect endoscopic inflammation 

Table 2 and Figure 3 present the sensitivity, specificity, 
AUROC and ROC of MR-score-S and the seven signs 
indicating endoscopic inflammation. Figure 4 shows 
a concrete and representative case. At MR-score-S > 
1, endoscopic colonic inflammation could be detected 
with a sensitivity of 85.9%, a specificity of 82.8% 
and an AUROC of 0.929 (P < 0.0001). The DWI 
hyperintensity demonstrated a sensitivity of 93.0% 
and a specificity of 79.3% to detect endoscopic 
inflammation with an AUROC of 0.867 (P < 0.0001). 
With rapid gadolinium enhancement, endoscopic 
colonic inflammation was detected with a sensitivity 
of 73.2%, a specificity of 93.1% and an AUROC of 
0.853 (P < 0.0001). The accuracy between DWI 
hyperintensity and rapid gadolinium enhancement (P 
= 0.78) was not significantly different. Differentiation 
between the mucosa-sub mucosa complex and the 
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Table 2 Accuracy of the MR-score-S and seven signs for detecting endoscopic inflammation 


ROC analysis 

AUROC 

Sens. 

Spec. 

P value 

MR-score-S > l 1 

0.929 

85.9 

82.8 

0.0001 

DWI hyperintensity 

0.867 

93.0 

79.3 

0.0001 

Rapid gadolinium enhancement after intravenous contrast medium administration 

0.853 

73.2 

93.1 

0.0001 

Bowel wall thickening 

0.793 

66.2 

89.7 

0.0001 

Differentiation between the 

0.842 

80.3 

86.2 

0.0001 

mucosa-submucosa complex and the muscularis 

Parietal edema 

0.684 

43.7 

89.7 

0.0040 

Ulceration 

0.775 

59.2 

93.1 

0.0001 

Comb sign 

0.694 

43.7 

93.1 

0.0020 


1 Cut-offs defined by ROC analysis. AUROC: Area under the receiver operating characteristic curve; Sens.: Sensitivity; Spec: Specificity; DWI: Diffusion- 
weighted imaging. 



Figure 3 Accuracy of segmental magnetic resonance score and seven 
signs indicating endoscopic inflammation. 


muscles revealed a good sensitivity (80.3%) and 
specificity (86.2%). The four other signs demonstrated 
low sensitivities (range: 43.7% to 66.2%) and 
excellent specificities (range: 89.7% to 93.1%). The 
presence of oedemas resulted in a decreased accuracy 
compared with the accuracy of the seven signs 
indicating endoscopic inflammation. No significant 
differences in accuracy were observed among other 
signs. 

Correlation of MR-score-T or Baron-T with clinical and 
biological markers 

MR-score-T was correlated with Mayo index (r = 
0.831, P < 0.0001). Biological indexes included CRP, 
ESR, hemoglobin, leucocytes, platelets, serum iron 
and albumin (r = 0.445 to 0.748, P < 0.05). The 
correlation coefficients between MR-score-T and 
clinical and biological markers were similar to the 
corresponding correlation coefficients between Baron-T 
and the same disease activity markers (Table 3). 

Inter-observer agreement 

Inter-observer agreements in DWI hyperintensity from 
various b values were consistent with kappa values 
ranging from 0.719 to 0.825. The inter-observer 
agreements were applicable to evaluate MR-score 


with kappa values ranging from 0.679 to 0.897. The 
two radiologists' ADC measurements were compared 
and Pearson's correlation coefficient was 0.886 (P < 
0.001), thereby indicating an excellent inter-observer 
agreement. 


DISCUSSION 

The selection of the b value should satisfy the 
following three criteria [23] : (1) clearly display and 
identify the tissue being examined; (2) effectively 
inhibit the T2 shine-through effect on DWI; and (3) 
use b values as high as possible to determine ADC 
of the tissue being examined for closer to the true 
diffusion value. A small b value corresponded to high 
signal-to-noise ratio (SNR) and contrast-to-noise 
ratio (CNR) of DWI images. However, the influence 
was more distinct on ADC with the T2 shine-through 
effect, perfusion effects and presence of macroscopic 
motion. Conversely, a large b value indicated that 
ADC was closer to the real diffusion values of the 
tissue. However, susceptibility artefacts and geometric 
deformation of images likely decreased significantly 
the SNR and the CNR of images. Therefore, the 
selection of the b value should weigh the two aspects 
of the real diffusion values of tissue and image quality. 
Oto et a/ [9] evaluated the value of DWI (b = 600 
s/mm 2 ) and investigated changes in ADC values in 
inflamed bowels in patients with Crohn's disease at 
1.5 T. Oussalah et a/ [6] also found that the b factor is 
fixed at 600 s/mm 2 with a 1.5 T scanner in UC and 
Crohn's disease. Kiligkesmez et a/ [14] evaluated 28 
patients with UC by DW-MRI with b = 0, 500 and 
1000 s/mm 2 on a 1.5 T scanner. The current study 
defined the range of the b value from 0 and 400 s/ 
mm 2 to 1000 s/mm 2 by referring to previous studies. 
In the current study, DWI hyperintensity at b = 800 
s/mm 2 demonstrated the most efficient diagnostic 
performance to detect colonic inflammation in UC. The 
difference in the b value between the results of the 
current study and that described in a previous study 
may be related to differences in field strength and 
uniformity of the main magnetic field. 

Oto et a/ [9] found statistically significant differences 
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Figure 4 A 22-year-old woman with known ulcerative colitis involving the rectum and the sigmoid colon. Mayo index = 8; total modified Baron score = 12; total 
MR-score = 22; T2WI without fat saturation (A) and T2WI with fat saturation (B) show a mild thickening of the sigmoid colon wall (blue arrows); DWI hyperintensity (C; 
b = 800 s/mm 2 ; orange arrows); rapid gadolinium enhancement (D; orange arrows). 


Table 3 Correlation of MR-score-T or Baron-T with clinical and biological markers 


Activity markers MR-score-T Baron-T MR-score-T vs Baron-T 



r 

P value 1 

r 

P value 1 

P value 1 

Mayo index 

0.831 

0.0001 

0.926 

0.0001 

0.20 

CRP 

0.656 

0.0020 

0.886 

0.0001 

0.07 

ESR 

0.748 

0.0001 

0.810 

0.0001 

0.64 

Hemoglobin 

-0.449 

0.0470 

-0.580 

0.0070 

0.60 

Leukocytes 

0.481 

0.0320 

0.506 

0.0230 

0.92 

Platelets 

0.445 

0.0490 

0.534 

0.0150 

0.73 

Serum iron 

-0.497 

0.0260 

-0.559 

0.0100 

0.80 

Albumin 

-0.462 

0.0400 

-0.507 

0.0220 

0.86 


Spearman's rank correlation test; Comparison of correlation coefficients. 

between the ADC values of inflamed and normal bowel 
segments of patients with Crohn's disease (0.47 x 10 3 
mm 2 /s to 2.60 x 10' 3 mm 2 /s and 1.39 x 10' 3 mm 2 /s to 
4.03 x 10' 3 mm 2 /s for inflamed and normal segments, 
respectively; P < 0.05). Kiryu et a/ [7] also found that 
the ADC values of the small and large bowel of patients 
with active disease were lower than those in patients 
with inactive disease (1.61 ± 0.44 x 10' 3 mm 2 /s vs 2.56 
± 0.51 x 10' 3 mm 2 /s for the small bowel and 1.52 ± 
0.43 x 10 3 ± 10' 3 mm 2 /s vs 2.31 ± 0.59 x 10' 3 mm 2 
/s for the large bowel; P < 0.001). Kiligkesmez et a/ 14] 
found that the ADC values of the rectum are different 
(P = 0.009) between patients in active (1.08 ± 0.14 
x 10" 3 mm 2 /s) and sub-acute phases (1.13 ± 0.23 
x 10" 3 mm 2 /s) of the disease and those in remission 


(1.29 ± 0.17 x 10" 3 mm 2 /s). In the current study, 
the mean ADC value of proven endoscopic inflamed 
bowels was 1.56 ± 0.58 x 10 3 mm 2 /s compared with 
2.63 ± 0.46 x 10' 3 mm 2 /s in normal bowel segments 
(P < 0.0001). In these studies, radiologists should be 
aware of possible overlaps of ADC values that may lead 
to misdiagnoses when only DWI is interpreted [24] . The 
usefulness of ADC for long-term follow-up of patients 
with UC warrants further investigation. 

DWI is a method in which the signal required to 
produce MR image is determined by the "mobility of 
water" [25] . Diffusivity measurements are characterized 
by multiple components related to tissue cellularity and 
organisation, integrity of cell membranes, extracellular 
space tortuosity and perfusion [26] . Endoscopic biopsy 
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is considered the gold standard to detect and quantify 
UC; invasiveness, patient discomfort, perforation risk 
and poor patient acceptance of colonoscopy have 
prompted researchers to investigate alternatives 
for diagnosing and characterizing UC. In MR or 
endoscopy examination, oral and rectal bowel cle¬ 
ansing preparations are often poorly tolerated by 
patients [27,28] . The technique used in the current study 
did not require oral or rectal preparation and fasting; 
the duration of the procedure was relatively short 
(approximately 20 min for the whole examination, 
including patient setup, routine MR and DWI imaging). 
In the current study, DWI hyperintensity exhibited 
the same accuracy as rapid gadolinium enhancement 
to detect endoscopic inflammation in UC; this result 
suggested that the DWI sequence could replace 
gadolinium injection in detecting inflammatory colonic 
segments in UC. In other studies, DWI hyperintensity 
also showed a high accuracy [6 " 1 2 3 4 5 6 7 8] 9 10 11 . DWI combined with 
MRI without bowel preparation represents a feasible 
tool. This technique is completely non-invasive, does 
not apply ionizing radiation [29,30] or contrast material 
injection, does not require any bowel preparation, 
and does not cause discomfort to patients. Bowel 
preparation has also been associated with acute 
exacerbation of UC. Diagnostic methods that do not 
require bowel preparation could avoid this potential 
complication. Therefore, the proposed technique can 
be easily combined with conventional MR examination 
protocol because of short duration. 

Our study showed several limitations, such as small 
patient population. With our most efficient efforts to 
magnify images and use oval regions of interest to 
exclusively cover the bowel wall, the possibility of a 
partial volume effect was minimised. However, it could 
not be completely excluded, especially from ADC 
measurements of the normal bowel wall. 

In conclusion, DWI combined with conventional 
MRI without bowel preparation yielded qualitative and 
quantitative information; our result demonstrated 
a good diagnostic performance in detecting colonic 
inflammation in UC. 


COMMENTS 


Background 

Magnetic resonance imaging (MRI) is an excellent technique to accurately 
detect colorectal cancer. MRI has been applied to diagnose and follow patients 
with inflammatory bowel disease. In such examinations and endoscopy, bowel 
cleansing preparations are required and often poorly tolerated by patients. This 
procedure may limit the use of MRI in clinical practice. 

Research frontiers 

Only a few studies have reported the use of diffusion-weighted imaging (DWI) 
in patients with ulcerative colitis (UC). Among these studies, only one reported 
the value of quantitative diffusion-weighted MRI in the assessment of the 
inflammatory activity in UC. The optimal b value of colon DWI to detect colonic 
inflammation in patients with UC has not been published. 

Innovations and breakthroughs 

This results indicated that DWI combined with conventional MRI without 


bowel preparation yielded qualitative and quantitative information; this study 
demonstrated good diagnostic performance to detect colonic inflammation in 
UC. 

Applications 

This technique is completely non-invasive, does not apply ionizing radiation or 
contrast material injection, does not require any bowel preparation, and does 
not cause discomfort to patients. Diagnostic methods that do not require bowel 
preparation could avoid acute exacerbation. This procedure can be easily 
added to conventional MR examination protocol because of short duration. 

Terminology 

The segmental MR-score (MR-score-S) is defined as the sum of the scores 
of different radiological signs for a specific segment. The total MR-score was 
defined as the sum of MR-score-S for a patient. 

Peer-review 

DWI combined with conventional MRI without bowel preparation provided a 
quantitative technique to differentiate actively inflamed intestinal segments from 
the normal mucosa to detect UC. 
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Abstract 

Pancreatic hemangioma is a rare type of benign vascular 
tumor. Low clinical suspicion and inability of current 
cross sectional imaging techniques to differentiate it 
from other pancreatic lesions, contribute to the difficulty 
in making the correct diagnosis. Without a definitive 
diagnosis, and due to concern for malignancy, in many 
instances, surgery is performed. We report a case 
of pancreas cavernous hemangioma in an 18-year- 
old female. The patient presented with three-month 
history of epigastric pain. Physical examination and 
routine blood tests were normal. Abdominal Computed 
Tomography scan revealed a 5 cm x 6 cm complex non¬ 
enhancing cystic mass in the head of pancreas. Magnetic 
resonance imaging, endoscopic ultrasonography (EUS) 
and EUS guided fine needle aspiration cytology were 
non-diagnostic. Because of uncontrolled symptoms, the 
patient underwent surgical resection. Histopathology and 
Immunohistochemical staining confirmed the diagnosis 
of cavernous hemangioma of pancreas. 

Key words: Hemangioma; Endoscopic ultrasound; 
Endoscopic ultrasonography; Fine needle aspiration; 
Pancreas 

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved. 


Core tip: Pancreas hemangioma is a very rare patho¬ 
logical finding in adulthood. It may mimic other more 
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common pancreatic lesions. Diagnosis is difficult, due 
to its rarity, and the absence of typical radiological 
findings of hemangioma. It should be considered in the 
differential diagnosis of cystic, mixed and solid pancreatic 
lesions. Surgical resection is the effective treatment in 
symptomatic cases, while providing a final diagnosis, 
however, surgery may not be necessary at all. 


Mondal U, Henkes N, Henkes D, Rosenkranz L. Cavernous 
hemangioma of adult pancreas: A case report and literature 
review. World J Gastroenterol 2015; 21(33): 9793-9802 
Available from: URL: http://www.wjgnet.com/1007-9327/full/ 
v21/i33/9793.htm DOI: http://dx.doi.org/10.3748/wjg.v21. 
i33.9793 


INTRODUCTION 

Pancreatic cavernous hemangioma in adulthood is 
a very rare condition. To date, only 20 cases have 
been reported in the literature. Hemangioma mimics 
common pancreatic lesions, and modern imaging may 
not adequately characterize this benign condition. 
The following case is that of an 18-year-old female 
who underwent surgical resection of a large head of 
pancreas lesion, with a final diagnosis of cavernous 
hemangioma. A review of clinicopathological and 
radiographic features of all cases reported in the 
English literature to date is included. 


CASE REPORT 

An 18-year-old Hispanic female was referred to our 
Institution by her primary care physician, for the 
evaluation of a "pancreatic cystic lesion" found on 
abdominal computed tomography (CT) scan, after 
she presented with complaints of worsening epigastric 
pain for three months. The pain was described as 
stabbing and severe, radiating to the back, occurring 
postprandial. Nausea and emesis were associated with 
pain. Analgesia was only partially achieved with the use 
of prescription oral narcotics. 

The patient's medical history included childhood 
treated pulmonary tuberculosis. There was no history of 
acute pancreatitis or abdominal trauma. Patient had no 
prior surgeries. She was on no medications, particularly 
has never been prescribed oral contraceptives, nor did 
she ever use over the counter drugs. Family history was 
non-contributory. Physical examination was normal. 
Complete blood counts, complete metabolic panel, 
serum amylase and lipase, coagulation panel, fasting 
lipid profile, serum CA 19-9 and carcinoembryonic 
antigen (CEA) levels were normal. 

CT revealed a well-defined cystic mass with solid 
components in the head of pancreas. The lesion did 
not show contrast enhancement (Figure 1). Magnetic 
resonance imaging (MRI) with and without intravenous 
gadolinium showed a 5.3 cm x 6.2 cm, heterogeneous, 



Figure 1 Contrast computed tomography scan showed a non-enhancing 
cystic lesion in the head of the pancreas. 

multi-septated, predominantly cystic mass in the head 
and uncinate process of the pancreas, with variable 
T1 and T2 signal intensity (Figure 2). Foci of T1 
hyperintensity were thought to be due to hemorrhagic 
or proteinaceous contents. The mass exhibited septal 
enhancement with maximum septal wall thickness of 2 
mm. Post-contrast dynamic images showed peripheral 
hyperintensity with some indication of progressive 
centripetal enhancement. There was no ductal, 
vascular or nodal involvement. Magnetic resonance 
cholangiopancreatography (MRCP) demonstrated no 
ductal dilation (Figure 3). 

Endoscopic ultrasonography (EUS) showed a well- 
circumscribed complex structure with fluid and solid 
components arising from the uncinate process and 
extending to the head of pancreas (Figure 4). The 
lesion was devoid of Doppler signal. The surrounding 
parenchyma appeared normal. There was no ductal or 
vascular involvement. No peri-pancreatic lymph nodes 
were seen. The liver, gall bladder, spleen, left adrenal 
and kidneys appeared normal. Fine needle aspiration 
(FNA) using a 22G ProCore Cook Needle (Cook Medical 
Inc., Winston-Salem, NC, United States) was performed, 
and a total of five passes with adequate sampling 
was obtained in the presence of a cytopathologist. No 
bleeding occurred during or after the procedure, and 
patient had an uneventful post-procedure recovery. 

Microscopy of the direct smear from FNA showed 
abundant red blood cells and a few clusters of cells 
that had a cohesive nature, but no atypia (Figure 5). 
Some areas had increased lymphocytes, suggesting 
an inflammatory process. The cell block showed 
clusters of histiocytes, some of which had light brown 
material in their cytoplasm, suggestive of hemosiderin 
deposition. Focal fibrotic fragments of tissue were 
seen, without distinct vascular structures being 
identified. No granulomatous features were seen. 
Cyst fluid carcinoembryonic antigen (CEA) level was 
< 0.5 ng/mL, and amylase level was 13 U/L. Gram 
stain, acid-fast bacilli, and alpha 1 antitrypsin stains 
were negative. CAM 5.2 was negative. Vimentin was 
positive in macrophages, but no epithelioid cells were 
identified. Overall, the fine needle aspiration findings 
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Figure 2 Magnetic resonance imaging. Variable intensity in T1 weighted (A) and T2 weighted (B) imaging. Overall, the hemangioma had hypo-intensity in T1W and 
hyper-intensity in T2W imaging. Peripheral enhancement after gadolinium injection with gradual centripetal filling-in (C, D: Arterial phase; E: Venous; and F: Delayed 
venous phase) was noticed. Intensity was parallel to that of aorta. A central cystic area remained hypo-intense. 



Figure 3 Magnetic resonance cholangiopancreatography demonstrated 
no ductal dilation. 



Figure 4 Endoscopic ultrasound: Complex cyst at the head of pancreas, 
devoid of Doppler signals, with normal surrounding parenchyma and 
without any ductal or vascular abnormality. 
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Figure 5 Fine needle aspiration cytology. Direct smear showed few clusters of cells without atypia (A, B) and increased lymphocytes (C); Cell block showed 
clusters of histiocytes, some of which had light brown material in their cytoplasm, suggestive of hemosiderin (D). 



Figure 6 Gross pathology showing head of pancreas lesion (A) and cystic lesion with thick septa and recent hemorrhage evident on cross section (B). 


suggested a benign process most consistent with an 
inflammatory benign cyst. Due to the presence of a 
few cohesive clusters of cells, a neoplastic cystic lesion 
(serous cystadenoma or solid cystic papillary tumor) 
could not entirely be ruled out. 

The case was reviewed in the multidisciplinary 
Pancreatic Tumor Board. A recommendation was made 
to continue close clinical monitoring, and a consensus 
from pathologists, radiologists, gastroenterologists, and 
surgeons reiterated the benign etiology of the lesion. 
Over the next few weeks, the patient experienced 
worsening nausea, vomiting and abdominal pain, 
refractory to narcotics and antiemetics. Subsequently, 
the patient limited her oral intake and lost 20 pounds 
of body weight. The patient was eventually taken 
to surgery. Intra-operatively, the pancreatic lesion 


was found to be inseparable from the duodenum. 
Pylorus preserving pancreaticoduodenectomy with 
cholecystectomy and resection of 17 lymph nodes 
were performed. 

The gross pathology revealed a pink-brown, partly 
hemorrhagic, multi-loculated cystic mass, 6 cm x 4 
cm x 3.5 cm in size, with intracystic hemorrhage and 
no mucinous component (Figure 6). On microscopic 
examination (Figure 7), a single layer of flattened 
cells lined the blood filled cystic spaces, and had 
uniform nuclei and no atypia. The vessels lumina 
contained macrophages, some with hemosiderin 
within. Aggregates of chronic inflammatory cells were 
present in the surrounding fibrous tissue. One vessel 
had an organizing thrombus, also containing fibrin 
and foamy macrophages. On immunohistochemical 
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Figure 7 Histopathology. A: The hemangioma displaced the exocrine pancreas; B: It had blood filled ectatic vessels with thin endothelium lining large cavernous 
spaces and aggregates of chronic inflammatory cells in the surrounding fibrous tissue; C: The lumina of the vessels contained macrophages, some containing 
hemosiderin; D: One vessel with organizing thrombus containing fibrin and foamy macrophages. 


(IHC) staining, the lining was positive for CD31, focally 
positive for CD34, and negative for cytokeratin (AE1/ 
AE3) supporting the diagnosis of hemangioma. All 17 
lymph nodes had normal histology. 

Postoperatively, the patient was monitored in 
the Intensive Care unit for two days. By second day, 
she was tolerating oral intake of liquids. She was 
discharged home on the 3 rd post-operative day. Six 
months after surgery, she remained symptom free. 


DISCUSSION 

Vascular tumors (hemangioma, lymphangioma, he- 
molymphangioma, hemangioendothelioma, hemangio¬ 
pericytoma, hemangioblastoma and angiosarcoma) 
constitute only 0.1% of the pancreatic tumors [1] . 
Hemangiomas are vascular tumors composed of blood 
vessels lined by endothelial cells. Visceral hemangiomas 
can be found in various organs including the brain, 
parotid, thorax, liver, spleen, adrenal, retroperiton- 
eum and gastrointestinal tract, in isolation, or with 
synchronous cutaneous lesions [2] . Hemangioma is the 
most common benign tumor of the liver, however, 
pancreas hemangiomas are extremely rare, both in 
adult and pediatric population. 

A PubMed and Google Scholar search of the lite¬ 
rature using the keywords "pancreas hemangioma" was 
performed, and pertinent articles and their references 
were reviewed. Since 1960, a total of twenty-one 
cases have been reported in nineteen articles (Table 
1) [319] . Mundinger et af 20] in their 2009 article, stated 

IZ 
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that a number of nine cases have been described in 
the medical literature prior to 1939. In our review, 
cases of hemolymphangioma, lymphangioma and 
vascular malformations were excluded. Hemangiomas 
with retroperitoneal origin involving the pancreas were 
also excluded. The aim of the present review is to 
provide a summary of the epidemiological and clinical 
characteristics of this rare tumor. 

The average age of the patients at diagnosis is 48.3 
years (range: 18-79 years). Our patient is the youngest 
adult case reported. Infantile hemangiomas of pancreas 
are very rare, but they involute by early childhood [21] . 
Male to female ratio is 1:3. Other pancreatic tumors e.g., 
mucinous cystic neoplasm (MCN), intraductal papillary 
mucinous neoplasm (IPMN) and solid pseudopapillary 
neoplasm (SPN) also show female predominance. 
Male to female ratio of 1:5 is reported in cavernous 
hemangioma of the liver. Although an association 
between the proliferation of hepatic cavernous 
hemangiomas and increased levels of estrogen (from 
contraceptives, pregnancy) is reported, no definite 
causal relationship has been proven [22] . 

The most common presenting symptom is epi- 
gastic pain (47%). Nausea, abdominal distention, 
jaundice, fever, episodic dizziness and palpitations 
and gastrointestinal bleeding may be associated to 
pain. No reported case had episodes of pancreatitis or 
family history of pancreas diseases. Rarely, especially 
in young patients, cavernous hemangiomas of the 
pancreas may be observed in the setting of von 
Hippel-Lindau disease™. Abnormalities of the serum 
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Table 1 Previously reported pancreas hemangiomas in literature 


No. 

Year 

Country 

Author 

Age (yr)/ 
sex 

Site/size (cm) 

Preoperative diagnosis 

Treatment 

Follow up 

1 

1939 

- 

Ranstrom 

61/F 

Head/7 

Found at autopsy 

- 


2 

1960 

France 

Ringoir 

- 

- 

- 

Surgery 


3 

1961 

France 

Ringoir 

71/F 

Head/15 

- 

Retrocolic gastroenterostomy. 


4 

1972 

France 

Colardyn 

42/F 

Body tail/- 

_ 

vagotomy 

Fat free diet, anticholinergic 1 
Laparotomy with observation 1 


5 

1985 

France 

Mangin 

62/F 

Head to 

Multicystic heterogenous 


6 

1991 

Japan 

Kobayashi 

30/M 

tail/20 

Head/20 

structure 

Cavernous hemangioma 

Pancreatoduodenectomy 


7 

8 

1991 

2003 

Germany 

Taiwan 

Dageforde 

Chang 

79/F 

70/F 

Body tail/ 6 
Body tail/4 

suggested on US/MRI 

Heterogenous hypervascular 

Observation 1 

Subtotal pancreatectomy 

Healthy at 14 

9 

2006 

Austria 

Plank 

36/M 

Head/3 

solid mass. Serous/cystic 
adenoma/ adenocarcinoma? 
Hypervascular mass. 

Hemangioma suspected during 

mo 

10 

2008 

China 

Xu 



N onfunctioning 
neuroendocrine tumor 
Three cases reported 

laparotomy, confirmed by 
intraoperative US. Not resected 1 


11 

2009 

United States 

Mundinger 

45/F 

Head/5.5 

Hypodensity mass in CT. 

Frozen section: benign cyst. 


12 

2010 


Jarboui 

60/F 


Benign (duplication cyst, 
paraganglioma, cystic GIST) 
cyst 

PPPD performed 


13 

2011 

Israel 

Weidenfeld 

73/F 

Head/5 

Cyst with solid part 

Whipple's procedure 


14 

2011 

Malaysia 

Lee 

49/F 

Neck/5 

Non-enhancing septated cyst. 

Central partial pancreatectomy 

Symptom free 

15 

2012 

Germany 

Kersting 

53/M 

Head/8 

Mucious cyst with malignant 
features 

Non-enhancing mass. 

and gastrostomy 

Extirpation of the tumor 

at 6 mo 

16 

2013 

China 

Zhi-hua 

23/F 

Head/5.4 

Adenocarcinoma? 

Non enhancing multilocular 

Subtotal pancreatectomy 

Healthy, no 

17 

2013 

United 

Malik 

70/F 

Head/8 

cyst with fluid fluid levels 

Giant hemangioma suggested 

PPPD 

recurrence at 1 

y r 

Fine at 6 wk 

18 

2014 

Kingdom 

United 

Williamson 

78/F 

Head/4 

on CT 

Hemangioma per EUS 

Observation 1 


19 

2014 

Kingdom 

Japan 

Naito 

40/F 

Body tail/10 

Multilocular septated cystic 

Pancreatectomy 

No recurrence 

20 

2015 

United States 

Mondal 

18/F 

Head/6 

mass 

Benign cyst 

PPPD 

at 6 yr 

Fine at 6 mo 


1 Cases that were preoperatively suspected to be hemangioma and/conservatively managed. PPPD: Pylorus preserving pancreatoduodenectomy. 


liver tests and thrombocytopenia may be present 
but no correlation between the size or of the lesions 
location and symptomatology was noted. In fact, these 
tumors can be as large as 20 cm and arising from the 
head of pancreas, yet they do not cause much pain 
or obstructive features. On the contrary, two of the 
smallest reported lesions, presented with obstructive 
jaundice (No. 8, 9). Average reported tumor size is 
8.9 cm (range: 3-20 cm), with the majority (70%) 
involving the head of the pancreas. Hemangiomas 
are indolent (No. 13, 14) and do not have malignant 
potential. Why our patient presented with rather 
short duration of symptoms is unknown. Whether 
hemorrhage, thrombosis or necrosis within the cyst 
occurred and led to symptoms is not known. 

Ultrasonography 

Transabdominal ultrasonography (US) is reported to 
detect hemangiomas in 9 cases. All these lesions were 
more than 5 cm in size. Lesions were well demarcated, 


appeared overall hyper- or iso-echogenic to rest of 
the pancreas, and had mixed echogenicity. A 20 cm 
mass in the head of pancreas was diagnosed as a 
giant hemangioma on US (No. 6). The absence of 
a fine speckled internal echo pattern may suggest 
a vascular tumor as opposed to a mucinous cystic 
tumor [24] . Intra-operative US was helpful in diagnosing 
pancreatic hemangioma in one case and prevented 
pancreatectomy (No. 9). Our Endoscopic ultrasound 
findings were similar to those described by Lee 
(No. 14). We identified a cystic mass with thick 
septations and solid components. Doppler signal was 
absent within the lesion. The overall sonographic 
appearance was suggestive of an inflammatory or 
mucinous cyst. Willamson (No. 18) made a diagnosis 
of pancreas hemangioma based on endosonographic 
characteristics, which allowed a conservative approach 
to the management of his reported case, and surgery 
was avoided. Hemorrhage, thrombosis, necrosis, 
shunting and vascularity of the solid component 
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within, may account for poor Doppler signal in most 
pancreatic hemangiomas [9] . 

CT scan 

Typically, hemangiomas are strongly contrast enhancing 
in the arterial phase of conventional contrast-enhanced 
CT imaging [7] . Peripheral irregular enhancement 
with central non-enhancement in venous phase, 
and progressive filling-in during the delayed phases 
of dynamic CT scan is typically described in hepatic 
hemangiomas. Based on these features, preoperative 
diagnosis of pancreatic giant hemangioma was 
suggested only in one case (No. 17). A non-enhancing 
three-phase contrast CT scan does not exclude 
hemangioma. Of the cases that reported pre-contrast 
CT findings, five lesions (No. 8, 9, 11, 17, 19) were 
heterogeneous (with both, high and low attenuation), 
multi-loculated cysts and five (No. 13, 14, 16, 18, 20) 
were hypo-attenuating "cysts" with solid components 
and peripheral micro- or speckled calcifications. Post¬ 
contrast CT showed poorly enhanced or unenhanced, 
hypo-vascular, multi-loculated, cystic tumors in 
some cases (No. 6, 11, 14, 15, 16, 20) and hyper¬ 
enhancement in others (No. 8, 9, 13, 17, 18, 19). 

MRI 

Hemangioma on MRI appears as a lobulated, hypo- 
intense mass in T1 -weighted images, and shows 
moderate hyperintensity signal in T2 -weighted images, 
while after intravenous gadolinium administration, there 
is marked enhancement [25,26] . Four articles (No. 6, 9, 16, 
19) reported MRI findings of pancreas hemangiomas. 
Low T1W signal attenuation in (No. 6, 9, 16) and high 
T2W signal attenuation in (No. 16, 19) were seen on 
non-contrast MRI. MRI was able to diagnose a giant 
hemangioma of pancreas (No. 6) without further work¬ 
up. In our case, in the post-contrast dynamic imaging, 
there was some evidence of centripetal filling-in. No 
dilatation of the pancreatic and the common bile ducts 
was seen on MRCP in our patient. 

Fine needle aspiration cytology 

Since radiological imaging cannot characterize these 
lesions, almost all complex cystic lesions of the 
pancreas undergo endoscopic or per-cutaneous fine 
needle aspiration (FNA) to establish a diagnosis. 
Hemangiomas can be highly vascular. Fatality related 
to biopsy of hepatic hemangioma has been reported [27] , 
therefore concern regarding FNA sampling of these 
lesions should rise. If the radiographic characteristics 
of hemangioma are absent on imaging, the risk 
of bleeding remains concerning following lesion 
sampling or during surgery. On the other hand, the 
article reporting 38 patients with sampled hepatic 
hemangiomas, along with several other small series, 
revealed needle biopsy to be safe [28] . FNA was 
performed in pancreas hemangiomas (No. 14, 17, 18), 


and there was no reported bleeding. We performed 
EUS guided FNA using a 22G ProCore Cook Needle 
(Cook Medical Inc., Winston-Salem, NC, United States) 
with 5 passes without associated bleeding. 

Other imaging methods 

Angiography performed in cases of pancreatic 
hemangiomas showed either a poorly vascular (No. 6) 
or a hypervascular (No. 8) tumor without encasement 
of surrounding vascular structures. Arteriography does 
not provide additional useful information beyond CT/ 
MRI, and is not routinely performed, unless selective 
embolization of feeding vessels is being considered 
as treatment. Technetium (Tc)-99 isotope study and 
positron-emission tomography (PET) scan have been 
found useful in diagnosing hemangiomas in other 
organs, but none has been reported in pancreas he¬ 
mangioma cases. 

Differential diagnoses 

As hemangiomas are essentially benign tumors, correct 
preoperative differentiation from other tumors could 
prevent surgical resection. On imaging, hemangiomas 
elicit characteristics that overlap with radiographic 
phenotypes of other common lesions of the pancreas. 
The list of radiological differential diagnoses for cystic- 
solid and cystic pancreatic lesions is broad (Table 2). 
Most cases proceeded to surgery without confirmatory 
diagnosis. The correct pre-operative or intra-operative 
diagnosis of hemangioma was made only in 5 out of 
20 cases (No. 4, 5, 7, 9, 18), thus avoiding need for 
surgical resection. 

Histopathology 

Microscopically, hemangiomas are composed of an 
increased number of blood-filled ectatic capillaries 
lined by flat endothelium and separated by scant 
fibrous connective tissue stroma. Depending on 
the size of vascular spaces, they can be capillary or 
cavernous type. Vascular endothelial marker (CD31, 
CD34 and factor VM-related antigen) positivity, along 
with negative results for cytokeratin (AE1/AE3, D2-40, 
CAM 5.2, MNF 116) immunohistochemical staining 
indicates hemangioma, lymphangioma and other 
benign vascular tumors. Lymphangioma may be easily 
excluded, as they consist of lymphatics (instead of 
blood vessels) filled or infiltrated with lymphocytes. 
Using electron microscopy (EM), lymphangioma was 
diagnosed in a resected pancreas tumor [29] , however, 
EM has not been described in hemangioma. A precise 
histopathological diagnosis of hemangioma is very 
important, as other vascular tumors may require 
wider surgical margin at resection, adjunctive therapy 
and closer post-resection follow up. For instance, in 
hemolymphangioma, 10%-27% and 50%-100% 
recurrences are reported after complete and partial 
resection, respectively [30] . 


IS 

Jgnisliirieng 


WJG | www.wjgnet.com 


9799 


September 7, 2015 | Volume 21 | Issue 33 | 


Mondal U et a!. Cavernous hemangioma of pancreas 


Table 2 Differential diagnoses of cystic and cystic-solid lesions of pancreas 


Cystic lesions Sex/age/size/site 

Imaging, cytology features 


Pseudocysts 
Serous cystic 
neoplasms 


Mucinous cystic 
neoplasms 


IPMN 


Any Unilocular 

F/60s/large/body or Serous and mucinous cystadenoma similar on CT 
tail Central fibrous scar with calcification 

Septation 

Multiple cysts lined by glycogen-rich epithelial cells that are positive for periodic acid Schiff 
and express cytokeratins 

F/50-60s/> 10 cm/body Single multilocular cysts that do not communicate with the ductal system 

or tail Smooth shape, even wall, with or without (fine) septa with potential small nodules 

Peripheral egg shell calcification 

Cyst lined by columnar mucin-producing epithelial cells set within an ovarian-like stroma 
Dysplasia and malignant potential 

Express keratin, carcinoembryonic antigen and CA19-9, while CK20 and CDX2 
(markers of intestinal differentiation) are negative 

M = F/70-80s/head Intraductal proliferation of mucinous cells usually showing papillary projections 
Dysplasia, invasion and malignant potential 

The epithelium of IPMNs expresses keratins, CEA and CA19-9, with variable expression of 
MUC 


Solid pseudopapillary 
neoplasms 


Cystic change of 
solid tumors 


Lymphoepithelial cysts 

Vascular tumors 

(Lymphangiomas, 

hemangiomas, 

hemolymphangioma, 

hemangioendothelioma, 

angiosarcoma 

Metastatic from renal cell cancer 
Accessory splenic tissue 
Others 


Young F/> 10 cm/ tail. Solid or cystic-solid hypervascular tumors, solid part enhances 
head Show pseudopapillae and pseudocysts 

Stain for vimentin and beta catenin with partial reactivity to keratin 
CD56 and synaptophysin stains may be positive, chromogranin negative 
PDAC is rare < 50, Recognition of adjacent solid lesion (carcinoma) is the key to correct diagnosis of ductal 
M = F adenocarcinoma 

PDAC are fibrotic, hypo-vascular, ill defined border, early infiltration in peri-pancreatic fat, 
invasion of vascular structures and ducts 

NET and Islet cell tumors are hyper-vascular and hyper-enhancing with positive staining 
for chromogranin and synaptophysin 

M/50-60s/ body or tail Lined by squamous epithelium and surrounded by dense lymphoid tissue, possibly 
showing germinal centers 

F > M/large Cystic-solid, encapsulated, multi-loculated, micro-cystic portions appear solid and 

enhancing 

Vascular markers CD31, CD34 and factor YU are positive in endothelial cells 
Cytokeratins neg 

Lymphatic marker D2-40 neg in hemangioma, positive in lymphangioma 

Angiosarcomas, highly aggressive, a vascular channel lined by variably atypical endothelial 

cells 

Hypervascular, invasive 
Tail hypervascular 

Rare solid tumors of the pancreas also include: mature teratoma, hamartoma, sarcoidosis, 
yolk sac tumor, acinar cell carcinoma, lymphoplasmatic sclerosing pancreatitis, primary 
pancreatic lymphoma., duodenal tumor, duplication cysts, paraganglioma, cystic GIST, 
glomus tumor, etc. 


IPMN: Intraductal papillary mucinous neoplasms; PDAC: Pancreatic ductal adenocarcinoma. 


Treatment of hemangioma 

Unlike pediatric hemangiomas that mostly involute, adult 
pancreatic hemangiomas do not. The natural history 
of adult pancreas hemangiomas is unknown. They 
appear to be very slow growing and have no malignant 
potential. Over a 7 years period, a hemangioma grew 
from 2 cm to 5 cm (No. 14). Pancreatic hemangiomas, 
even when large, rarely obstruct or infiltrate 
adjacent structures. Although the possibility of future 
complications (spontaneous or traumatic rupture, 
bleeding, pancreatitis, infection, etc.) is present, a 
conservative approach can be considered, if confident 
diagnosis is made preoperatively. Five cases are reported 
to be managed by observation strategy. However, details 
regarding surveillance and outcomes are not known. 
Propranolol, corticosteroid, interferon alpha, vincristine, 
cyclophosphamide and radiotherapy have been used to 


successfully treat infantile hemangiomas, but their role 
in adult hemangioma treatment is not known. 

Surgical excision seems to be a reasonable strategy 
for large hemangiomas when diagnostic uncertainty 
remains, for uncontrolled symptoms with failed con¬ 
servative management, or to address complications 
from mass effect. All resected pancreas hemangioma 
cases had good outcome, with resolution of symptoms 
and no tumor recurrence. Naito (No. 19) reported 
surgical removal of a giant pancreatic hemangioma 
without recurrence at 6-year follow up. Preoperative 
suspicion, use of intra-operative ultrasound and frozen 
sections may help in determining the best surgical 
method, e.g., enucleation, other more conservative 
surgical techniques or an extensive resection. 

Current imaging techniques cannot reliably diagnose 
pancreas hemangioma from other cystic neoplasm. 
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Newer techniques like contrast enhanced US, PET scan, 
elastography, etc. may be tried in future. Early suspicion 
by clinicians and radiologists is crucial. Although rare, 
pancreatic hemangioma should be considered in the 
differential diagnosis. 


COMMENTS 


Case characteristics 

An 18-year-old female with nausea, vomiting and epigastric pain for 3 mo and a 
5 cm x 6 cm non-enhancing cystic mass in the head of pancreas on computed 
tomography scan. 

Clinical diagnosis 

Epigastric tenderness but no mass on examination. 

Differential diagnosis 

Pancreatic neoplasm, pancreatic cyst 

Laboratory diagnosis 

Complete blood counts, complete metabolic panel, serum amylase and lipase, 
coagulation panel, fasting lipid profile, serum CA 19-9 and carcinoembryonic 
antigen levels were normal. 

Imaging diagnosis 

Magnetic resonance imaging showed a 5.3 cm x 6.2 cm, heterogeneous, multi- 
septated, predominantly cystic mass in the head of the pancreas, with variable 
T1W and T2W signal intensity and differential diagnoses included: serous 
cystadenoma, solid pseudopapillary neoplasm, inflammatory cyst and mucinous 
cyst. 

Pathological diagnosis 

Endoscopic ultrasonography guided fine needle aspiration cytology was 
negative for malignancy; post resection histopathology (blood-filled cavernous 
spaces lined by flat endothelium) and immunohistochemistry (CD31, CD34 
positive and AE1/AE3, CAM 5.2 negative) confirmed the diagnosis of 
hemangioma. 

Treatment 

Pylorus preserving pancreatoduodenectomy. 

Related reports 

Cavernous hemangioma of pancreas is a rare condition and preoperative 
diagnosis is difficult. Cases reported in English literature were reviewed to 
identify clinicopathological and radiological characteristics of these tumors. 

Experiences and lessons 

Pancreas hemangiomas are rare benign tumors that mimic other more 
common lesions of pancreas. Confident preoperative diagnosis is challenging. 
Symptomatic patients need resection that also establishes the diagnosis. 

Peer-review 

This article describes the clinical, radiological and pathological features of a 
case of cavernous hemangioma of pancreas and also provides a literature 
review of the reported cases. 
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Abstract 

Lymph node status is considered a key prognostic 
and predictive factor in patients with gastric cancer 
(GC). Although there is a practical approach to the 
intraoperative detection of sentinel lymph nodes (SLNs), 
such a procedure is not included in the European 
surgical protocol. In this report, we present a practical 
approach to SLN mapping in a representative case 
with early gastric cancer (EGC). A 74-year-old female 
was hospitalized with an endoscopically observed, 
superficially ulcerated tumor located in the antral 
region. Subtotal gastrectomy with D2 lymphadenectomy 
and SLN mapping was performed by injecting 
methylene blue dye into the peritumoral submucosal 
layer. An incidentally detected blue-stained lymph node 
located along the middle colic artery was also removed. 
This was detected 40 min after injection of the 
methylene blue. Histopathologic examination showed 
a pTlb-staged well-differentiated HER-2-negative 
adenocarcinoma. All of the 41 LNs located at the first, 
third, and fifth station of the regional LN compartments 
were found to be free of tumor cells. The only lymph 
node with metastasis was located along the middle colic 
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artery and was considered a non-regional lymph node. 
This incidentally identified skip metastasis indicated 
stage IV GC. A classic chemotherapy regimen was 
given, and no recurrences were observed six months 
after surgery. In this representative case, low-cost SLN 
mapping, with a longer intraoperative waiting time, 
totally changed the stage of the tumor in a patient with 
EGC. 

Key words: Early gastric cancer; Sentinel lymph node; 
Lymph node metastasis; Skip metastasis; Middle colic 
artery 

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved. 


Core tip: The aim of this paper was to report an 
unusual case of early gastric cancer in which sentinel 
node mapping totally changed the tumor staging and 
therapeutic protocol. 
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INTRODUCTION 

The term "early gastric cancer (EGC)" is used for 
gastric carcinomas with invasion limited to mucosa/ 
muscularis mucosae (pTla stage) or submucosal 
layer of the stomach (pTlb). Although the 5-year 
survival rate in EGC is reported to be about 90%, 
recurrences and metastases in the lymph nodes, liver, 
and even bones can occur [1] . For proper therapeutic 
management, careful preoperative evaluation of the 
lymph node status, tumor size and depth of infiltration 
is mandatory for accurate preoperative staging. Based 
on the international well-defined guidelines, with 
some national particularities, tumor resection consists 
of endoscopic mucosal resection (EMR), endoscopic 
submucosal dissection (ESD) or surgical excision [13] . 
The EMR is recommended for pTla-staged non- 
ulcerated/non-metastatic differentiated carcinomas 
with diameter less than 2 cm. In ulcerated pTla- 
differentiated carcinomas, EMR is indicated for tumors 
smaller than 1 cm [13] . ESD is recommended for non¬ 
metastatic differentiated carcinomas larger than 2 
cm, with early invasion in the submucosa (pTlb), that 
do not involve associated angiolymphatic invasion. 
In larger tumors, poorly cohesive carcinomas (that 
are associated with a higher risk for metastases), 
metastatic cases (pNl-3 or Ml), and advanced car¬ 
cinomas (pT 2-4), gastrectomy is recommended; sub¬ 
total gastrectomy in carcinomas with at least 5 cm free 
margin up to the gastro-esophageal junction (8 cm in 


poorly cohesive carcinomas) and radical gastrectomy 
in the other cases [14] . 

In Eastern Europe, gastrectomy with D1/D2 lym- 
phadenectomy is still considered the gold standard, 
even in EGC. Although there is a debate regarding D1 
vs D2 lymphadenectomy, based on the duration of 
surgery and patient's quality of life, studies performed 
in dedicated centers showed that the morbidity and 
mortality rate was approximately 0.5% and 2%, 
respectively, in D2, and not significantly different from 
Dl. Based on these facts, recent guidelines require 
at least 15 regional lymph nodes for accurate tumor 
staging, and indicate D2 dissection as the standard 
procedure, in surgically-removed tumors [14] . For the 
correct identification of high-risk lymph nodes, sentinel 
node mapping may be helpful [3] . 

Moreover, in EGC, patients' quality of life seems to 
be mainly influenced by the extent of resection and 
not the extent of lymphadenectomy. Independently, 
based on tumor stage, the morbidity and mortality 
of gastrectomy is high, ranging from 10% to 20%. 
These aspects highlight the necessity for changing 
therapeutic management, to reduce postoperative 
morbidity. The number of cases in which EMR/ESD is 
performed instead of surgery has increased. However, 
in low-income countries this change is not yet possible 
due to financial status, which does not allow a proper 
preoperative evaluation that includes endoscopic and 
computed tomography examinations of the thoracic 
and abdominal cavity, and does not facilitate proper 
screening programs. In these countries, gastrectomy 
with proper lymph node excision remains the 
standard, even in EGC. Taking into account the fact 
that the incidence of lymph node metastasis in EGC is 
3%-24% [1,4] , the introduction of an inexpensive and 
reliable system of preoperative evaluation of lymph 
node status is mandatory. 

Although it is not universally accepted, due to the 
high rate of false negative results in intraoperatively 
examined nodes [5] , the detection of sentinel lymph 
nodes (SLNs) is considered useful because the gastric 
lymphatic drainage can have aberrant flow [6] with 
identified sentinel nodes outside the lymphatic basin [5] . 
The rate of false-negative results for intraoperatively- 
examined lymph nodes depends on the clinical 
experience of the surgeon and the intraoperative 
method of detection (/.e., blue dye, indocyanine 
green), but is also related to the fact that only one 
plane-frozen sections can be performed to examine 
the nodes in a short-time and to retain tissue for 
further paraffin-embedding; micro-metastases cannot 
be detected intraoperatively. Even in large centers, 
intraoperative false-negative results were reported 
in more than 40% of cases; in paraffin-embedded 
sections, postoperatively, the rate was 14% [5] . 
Postoperatively, this rate also depends heavily on 
the method of SLN analysis (/.e v IHC, RT-qPCR), the 
number of intraoperatively examined lymph nodes and 
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Figure 1 Intraoperative sentinel lymph node mapping with methylene blue 
dye injected into the submucosal layer, in a patient with gastric cancer of 
the antrum. The sentinel nodes are seen in the lesser curvature (arrow). 

the number of sections per examined node. 

In this paper, we present a representative case in 
which the accurate detection of SLN totally changed 
the postoperative therapeutic protocol in a patient with 
EGC. 


CASE^REPORT _ 

A 74-year-old previously healthy female was hos¬ 
pitalized due to an episode of hematemesis. Upper 
endoscopy detected 3 cm x 2.5 cm ulcerated tumor 
located in the antrum. Histopathologic examination 
of the biopsy specimen showed a well-differentiated 
adenocarcinoma limited to the gastric submucosa; it 
was decided to perform subtotal gastrectomy with D2 
lymphadenectomy and intraoperative SLN mapping 
by injecting 2 mL of methylene blue dye into the 
submucosal layer of the stomach, in the neighborhood 
of the tumor, circumferentially at four cardinal points 
(Figure 1). This injection was carried out before 
mobilization of the stomach to avoid alteration of 
lymphatic drainage [5] . A signed written consent for the 
surgical intervention was obtained from the patient. 

Following submucosal injection of methylene blue 
(Figure 1), we waited 10 min and then removed the 
first two blue-stained nodes, which were located at 
the 5 th station (lesser curvature) and considered SLNs 
(Figure 1); both nodes were submitted for frozen 
tissue section and found to be free of tumor. 

Standard subtotal gastrectomy and D2 lympha¬ 
denectomy were carried out. However, during the 
second phase of surgery (40 min after injection of 
methylene blue), two blue-stained lymph nodes 
were incidentally detected at the level of the middle 
colic artery, considered the 15 th lymph node station; 
these were removed, together with seven other non- 
stained neighboring nodes. Finally, lymphadenectomy 
which included lymph node stations 1, 3, 4, 5, and 


6 (lymph node compartment I ); stations 7, 8, 9, 
and 12 (compartment II); and lymph node stations 
15 (compartment IV), respectively, was performed 
(Table 1). 

Gross examination of the surgical specimen showed 
a 35 mm x 20 mm ulcerated tumor of the antrum and 
lesser curvature with a maximum thickness of 10 mm 
(Figure 2), which was microscopically shown to be a 
pTlb-staged well-differentiated adenocarcinoma. The 
deepest level of infiltration was the middle third of the 
gastric submucosa. 

With regard to the lymph nodes, a total of 41 lymph 
nodes were identified, including those of the middle 
colic artery. Of the 41 nodes, with the exception of the 
4 intraoperatively detected SLNs (2 from station 5 and 
2 from station 15), another 8 nodes were stained blue 
(4 from station 3, 1 from station 6, and 3 from station 
7). Of the 41 nodes, 40 were free of tumor cells. The 
only positive node was one of the two blue-stained 
nodes that were incidentally seen intraoperatively 
at the level of the middle colic artery; this node was 
considered a skip metastasis (Table 1). Because this 
lymph node station was far from the primary tumor, 
this was considered to be a distant metastasis [7] , and 
the final tumor stage was pTINOMI (stage IV). There 
were no tumor implants in the omentum, no invasion 
in blood vessels, and no intraoperatively detected liver 
metastasis. All the resection margins were free of 
tumor. 

The immunohistochemical and molecular exami¬ 
nations showed a p53/CDHl -wild type-tumor that 
displayed positivity for E-cadherin, keratin 7 and 20, and 
a cytoplasmic pattern of maspin; p53 and Ki67 nuclear 
expression was seen in over 70% of the tumor cells. 
HER-2 was not expressed by the tumor cells. 

In terms of tumor proximity, an unusual proliferation 
of extremely large vessels with thick or thinner walls 
was noted in the mucosa and submucosa, which 
corresponded to Dieulafoy's lesion. Due to HER-2 
negativity, trastuzumab was not included in the 
postoperative oncologic therapy. A classic chemotherapy 
regimen was recommended. The postoperative 
evolution was favorable; no recurrences or metastases 
were reported six months after surgery. 


DISCUSSION 

Data regarding the concept of SLN in surgical practice 
were first presented by Morton et a/ [8] in 1992; since 
then, SLN detection has become a standard of care 
in patients with melanoma and is used in cancers of 
other organs, such as the breast and colon [9,10] . 

With regard to gastric cancer, the application of SLN 
was first carried out in 2001 by Hiratsuka etaf 11] 's team, 
who used indocyanine green in T1 and T2 cases, with 
a success rate of 99%. Later, the same team reported 
a high rate of false-negative results in T1 cases, using 
indocyanine green [5] . To increase the sensitivity, a 
double-marker method that used radioactive colloids 
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Table t Distribution of the identified lymph nodes 

Lymph node 

Total number 

Total number of blue nodes 

Total number 

compartment 

of lymph nodes 

Detected intraoperatively by surgeon (SLN) Detected postoperatively by pathologist 

of positive blue nodes 

I 

19 

2 5 

- 

n 

16 

3 

- 

IV 

7 

2 

1 

Total 

42 

4 8 

1 


SLN: Sentinel lymph node. 



Figure 2 The early gastric cancer was an ulcerated tumor of the antrum 
and lesser curvature. 

and blue dye was recommended for EGC [6,12] . In the 
most recent report, non-exposed endoscopic wall- 
inversion surgery with sentinel node basin dissection 
was suggested as the standard of care in patients with 
EGC and a high risk of node metastases [13] . 

In the present case, the intraoperative examination 
of SLNs also revealed a preliminary false-negative 
result. However, in contrast to other studies, in which 
SLNs are removed first (10-15 min after injection of 
the dye) and then gastrectomy and lymphadenectomy 
are performed [5] , we waited for the intraoperative 
histopathologic report before carrying out the 
gastrectomy. During this waiting period, the methylene 
blue dye migrated to the skip metastatic nodes located 
along the middle colic artery. 

This case suggests that, due to aberrant drainage 
of the lymphatic fluid and a high rate of skip meta- 
stases, which is approximately 5% in EGC and 17% in 
advanced GC [14] , SLN mapping can influence the tumor 
staging protocol. Increasing the period of waiting 
can increase the number of detected nodes and the 
sensitivity of SLN mapping. Although most of the skip 
metastases were detected in the lymph nodes located 
in stations 7 and 8 (compartment II) and in the para¬ 
aortic station [4] , especially in tumors located in the 
lesser curvature and distal stomach [15] , the nodes 


of the middle colic artery should also be checked 
intraoperatively and removed if there is any suspicion 
of metastatic involvement. To date, no data regarding 
the impact of middle colic artery node removal with 
standard D2 lymphadenectomy have been published. 

Special attention should also be paid to gastric 
stump cancer and cases with vascular malformations, 
such as Dieulafoy lesions, which can also be associated 
with aberrant lymphatic drainage [16] . Because most 
gastric vascular malformations are undiagnosed, 
hematemesis may be a valuable clinical sign, especially 
when only one episode occurs, without any other 
symptoms, such as in the current case. 

In the case under study, which showed several 
indicators of node metastases risk, such as tumor 
size larger than 3 cm, ulceration, location in the 
distal stomach, involvement of the submucosa, and 
associated vascular malformation, the correct staging 
and therapeutic management were carried out as 
a result of a long waiting time in SLN mapping and 
the detection of a single skip metastasis in an extra- 
regional lymph node. In view of the low cost and the 
absence of associated side effects in GC, we suggest 
that all blue stained nodes, whether identified in vivo 
or ex vivo , should be considered as SLNs. 


COMMENTS 


Case characteristics 

A 74-year-old female with an early gastric cancer and skip metastasis. 

Clinical diagnosis 

Hematemesis and ulcerated tumor of the stomach, at upper endoscopy. 

Differential diagnosis 

Chronic peptic ulcer, gastric metastasis. 

Imaging diagnosis 

Due to the diagnosis of adenocarcinoma in the gastric biopsy specimen, 
gastrectomy was performed without supplementary investigations. 

Pathological diagnosis 

Examination of the surgical specimen from the stomach revealed a well- 
differentiated adenocarcinoma with invasion in the middle third of the 
submucosal layer. 

Treatment 

Classic chemotherapy. HER-2 negativity did not allow therapy with trastuzumab. 
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Related reports 

No reported cases of EGC and skip metastasis at the level of the middle colic 
artery. 

Term explanation 

Skip metastasis is a “jump” or discontinuous nodal metastasis that occurs as a 
result of aberrant lymphatic flow. 

Experiences and lessons 

This case report highlights the aberrant behavior of EGC. An inexpensive 
method of sentinel lymph node mapping could modify the therapeutic guideline 
(the type of lymphadenectomy) in patients with EGC. 

Peer-review 

This article showed the benefits of the proper surgeon-pathologist team work. 
It shows the inexpensive way of a proper diagnosis, evaluation and therapy of 
EGCs with aberrant behavior. 
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Abstract 

A 50-year-old male was referred to our hospital for the 
evaluation of hyperproteinemia. Fluorodeoxyglucose 
positron emission tomography revealed high flu¬ 
orodeoxyglucose uptake in the pancreas, bilateral 
lacrimal glands, submandibular glands, parotid glands, 
bilateral pulmonary hilar lymph nodes, and kidneys. 
Laboratory data showed an elevation of hepatobiliary 
enzymes, renal dysfunction, and remarkably high 
immunoglobulin (Ig) G levels, without elevated serum 
IgG4. Abdominal computed tomography revealed 
swelling of the pancreatic head and bilateral kidneys. 
Endoscopic retrograde cholangiopancreatography 
showed an irregular narrowing of the main pancreatic 
duct in the pancreatic head and stricture of the 
lower common bile duct. Histological examination 
by endoscopic ultrasonography-guided fine-needle 
aspiration revealed findings of lymphoplasmacytic 
sclerosing pancreatitis without IgG4-positive plasma 
cells. Abnormal laboratory values and the swelling 
of several organs were improved by the treatment 
with steroids. The patient was diagnosed as having 
type 1 autoimmune pancreatitis (AIP) based on the 
International Consensus Diagnostic Criteria. Therefore, 
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we encountered a case of compatible type 1 AIP 
without elevated levels of serum IgG4 or IgG4-positive 
plasma cells. This case suggests that AIP phenotypes 
are not always associated with IgG4. 

Key words: IgG4-related disease; Steroid; Intestinal 
nephritis; Other organ involvement 

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved. 


Core tip: Type 1 autoimmune pancreatitis (AIP) is 
regarded as a pancreatic lesion of IgG4-related disease 
(IgG4-RD). However, the role of IgG4 in AIP or IgG4- 
RD phenotypes has not been established. This patient 
was diagnosed with compatible type 1 AIP according 
to the International Consensus Diagnostic Criteria 
without an elevation of serum IgG4 levels or IgG4- 
positive plasma cells. This case suggests that type 1 
AIP phenotypes do not require IgG4 elevation. 


Nakano E, Kanno A, Masamune A, Yoshida N, Hongo S, 
Miura S, Takikawa T, Hamada S, Kume K, Kikuta K, Hirota 
M, Nakayama K, Fujishima F, Shimosegawa T. IgG4-unrelated 
type 1 autoimmune pancreatitis. World J Gastroenterol 2015; 
21(33): 9808-9816 Available from: URL: http://www.wjgnet. 
com/1007-9327/full/v21/i33/9808.htm DOI: http://dx.doi. 
org/10.3748/wjg.v21333.9808 


INTRODUCTION 

In 1995, Yoshida et a/ [1] proposed autoimmune pan¬ 
creatitis (AIP) as a diagnostic entity and summarized 
the clinical features as follows: increased serum 
y-globulin or immunoglobulin (Ig) G levels and the 
presence of autoantibodies; diffuse irregular narrowing 
of the main pancreatic duct (MPD) and enlargement 
of the pancreas; the occasional concurrent stenosis of 
the lower bile duct and other autoimmune diseases; 
mild symptoms, usually without attacks of acute 
pancreatitis; the effectiveness of steroid therapy; and 
histological findings of lymphoplasmacytic sclerosing 
pancreatitis (LPSP) [2] . With the accumulation of similar 
cases in Japan, the Japan Pancreas Society (JPS) 
proposed the world's first clinical diagnostic criteria for 
AIP in 2002 [3] . Thereafter, diagnostic criteria for AIP 
have been proposed in several countries after the report 
of an extensive number of cases worldwide. Therefore, 
the International Consensus Diagnostic Criteria (ICDC) 
were established to form an international standard. 

In 2001, Hamano et a/ [4] reported that elevated 
serum IgG4 levels were highly specific and sensitive 
for the diagnosis of AIP. IgG4 has a pivotal role in 
the diagnosis and pathogenesis of AIP. Recently, 
the concept of IgG4-related disease (IgG4-RD) was 
proposed [5] , and the diagnostic criteria for IgG4-RD 
were established in 2011 [6] . IgG4-RD is a specific 
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Figure 1 Findings of fluorodeoxyglucose-positron emission tomography. 

Positron emission tomography revealed high fluorodeoxyglucose uptake 
in various organs (uptake is indicated by circles). A: Submandibular glands 
(SUVmax 5.6) and parotid glands (SUVmax 5.8); B: Pancreas (SUVmax 4.2); C: 
Bilateral hilar of lymph nodes (SUVmax 7.3) and both kidneys (SUVmax 6.2). 

disease that presents with high serum levels of IgG4 
and the enlargement of various organs including 
lacrimal glands, salivary glands, thyroid glands, 
lungs, pancreas, kidneys, and retroperitoneum. The 
histopathology of IgG4-RD includes remarkable IgG4- 
positive cell infiltration into plasma, fibrosis, and 
obliterative phlebitis. Type 1 AIP is considered to be 
a pancreatic lesion of IgG4-RD. However, the role of 
IgG4 in the phenotypic expression of AIP or IgG4-RD 
has not been clarified. 

Here, we report a case of AIP compatible with type 
1 AIP but without elevated levels of serum IgG4 and 
IgG4-positive plasma cells. This case suggests that the 
phenotype of type 1 AIP does not require an elevation 
of IgG4. 


CASE REPORT 

A 50-year-old male with a history of hypertension 
was referred to our hospital for the evaluation of 
hyperproteinemia [total protein (TP), 10.0 g/da; 
normal range, 6.7-8.1]. He was diagnosed with 
hypergammaglobulinemia, and a bone marrow biopsy 
and fluorodeoxyglucose (FDG)-positron emission 
tomography (PET) were performed to rule out multiple 
myeloma. Multiple myeloma was excluded based on 
the bone marrow results; however, FDG-PET revealed 
high FDG uptake in several enlarged organs (Figure 
1A-C). The patient was admitted to our department 
for further examination of the pancreas, which was 
swollen and exhibited high FDG uptake. A physical 
examination showed elastic, painless, and persistent 
swelling of the salivary and lacrimal glands. Laboratory 
data revealed elevated levels of alkaline phosphatase 
(ALP 386 IU/L; normal range, 115-359) and y-glutamyl 
transpeptidase (y-GTP 101 IU/L; normal range, 
10-47), renal dysfunction [creatinine (Cr), 1.36 mg/ 
dL; normal range, 0.44-1.15], and elevated levels 
of pancreatic enzymes (Amylase 245 IU/L; normal 
range, 37-125; Lipase 339 IU/L; normal range, 6-48). 
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Table 1 Laboratory data on admission 


Test 

Result 

Reference 

range 

Test 

Result 

Reference 

range 

Test 

Result 

Reference 

range 

WBC (10 3 / pL) 

6.0 

4.0-9.0 

TP (g/dL) 

10.0 

6.7-8.1 

TG (mg/dL) 

42 

30-150 

RBC (10 6 / pL) 

3.24 

4.27-5.70 

Albumin (%) 

26.2 

54.6-66.1 

TC (mg/dL) 

85 

130-220 

Hb (g/dL) 

9.6 

14.0-18.0 

Alpha 1 (%) 

3.0 

27-4.3 

GLU (mg/dL) 

110 

68-109 

Ht (%) 

28.4 

40.0-52.0 

Alpha 2 (%) 

6.5 

6.2-10.5 

HbAlc (%) 

6.4 

4.6-6.2 

Pit (10 3 /pL) 

215 

150.0-350.0 

Beta 1 (%) 

3.7 

5.0-7.5 

CRP (mg/dL) 

0.5 

0.0-0.3 




Beta 2 (%) 

n.c. 

3.5-6.6 




T-Bil (IU/L) 

0.4 

0.2-1.0 

Gamma (%) 

60.6 

12.3-22.8 

IgG (mg/dL) 

6564 

870-1700 

ALP (IU/L) 

386 

115-359 

Alb (g/dL) 

2.4 

3.8-5.3 

IgGl (mg/dL) 

4863 

320-748 

y-GTP (IU/L) 

101 

10-47 

BUN (mg/dL) 

18.0 

8-20 

IgG2 (mg/dL) 

919 

208-754 

AST (IU/L) 

28 

8-38 

Cr (mg/dL) 

1.36 

0.44-1.15 

IgG3 (mg/dL) 

703 

6.6-88.3 

ALT (IU/L) 

18 

4-43 

Na (mEq/L) 

136.0 

136-141 

IgG4 (mg/dL) 

78.2 

4.8-105 

LDH (IU/L) 

187 

119-229 

K (mEq/L) 

3.8 

3.5-5.1 

ANA (mg/dL) 

(-) 


Lipase (IU/L) 

339 

6-48 

Cl (mEq/L) 

105.0 

98-107 

CEA (ng/dL) 

1.1 

0.0-5.0 

Amylase (IU/L) 

245 

37-125 

Ca (mg/dL) 

8.0 

8.6-10.1 

CA19-9 (U/mL) 

11.3 

0.0-37.0 


TP: Total protein; ALP: Alkaline phosphatase; GTP: Glutamyl transpeptidase. 



Figure 2 Findings of abdominal computed tomography. A: Localized swelling of the head of the pancreas (short arrows); B: Mild dilation of the upstream main 
pancreatic duct (long arrow), a thickened common bile duct wall (short arrow), and swelling of the kidneys. 


The serum IgG levels were extremely high (6662 mg/ 
dL; normal range, 870-1700); however, the serum 
IgG4 levels were normal (78.2 mg/dL; normal range, 
4.8-105) (Table 1). Abdominal computed tomography 
(CT) revealed localized swelling of the head of the 
pancreas (Figure 2A), mild dilation of the upstream 
main pancreatic duct (MPD), a thickened common 
bile duct (CBD) wall, and swelling of the bilateral 
kidneys (Figure 2B). Endoscopic ultrasonography 
(EUS) showed hypoechoic swelling of the head of the 
pancreas and diffuse thickening of the CBD wall (Figure 
3). Endoscopic retrograde cholangiopancreatography 
findings demonstrated irregular narrowing of the MPD 
in the head of the pancreas, dilation of the upstream 
MPD (Figure 4A), and a lower bile duct stricture 
(Figure 4B). Intraductal ultrasonography detected 
diffuse thickening of the bile duct wall (Figure 4C). 
We performed endoscopic ultrasonography-guided 
fine-needle aspiration (EUS-FNA) using a 19-gauge 
needle (Expect™; Boston-Scientific). Histological 
examination of the aspirate revealed marked 
lymphoplasmacytic infiltration (Figure 5A), storiform 
fibrosis, and obliterative phlebitis (Figure 5B). 
Immunohistochemistry showed an infiltration of CD38- 


positive plasma cells (Figure 5C and D); however, 
the infiltrating plasma cells were negative for IgG4 
(Figure 5E). Furthermore, percutaneous biopsies of the 
swollen salivary glands and kidneys were performed 
to evaluate Mikulicz disease and intestinal nephritis. 
The results revealed remarkable lymphoplasmacytic 
infiltration and fibrosis. The histological diagnoses 
were sialadenitis and interstitial nephritis; however, the 
absence of IgG4-positive plasma cells was similar to 
the histological findings in the pancreas. 

Prednisolone was orally administered at a dose of 
30 mg/d to treat AIP and intestinal nephritis. After 3 
wk of 30 mg/d dosing, the patient was weaned on 25 
mg/d for 2 wk followed by 20 mg/d for 7 wk. Renal 
dysfunction and elevated hepatobiliary enzymes, 
pancreatic enzymes, and IgG improved with steroid 
treatment (Table 2). In addition, imaging modalities 
revealed that the enlargement of several organs, 
such as the pancreas, kidneys, salivary glands, and 
submandibular glands, was improved (Figure 6). FDG 
uptake in various organs was also reduced on FDG- 
PET (Figure 7). 

The patient was diagnosed with AIP according to 
the ICDC, including pancreatic parenchymal imaging, 
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Figure 3 Findings of endoscopic ultrasonography. Endoscopic ultrasonography revealed hypoechoic swelling of the pancreatic head (A: arrowheads), mild 
dilation of the upstream main pancreatic duct (B: arrowheads), and diffuse thickness of the common bile duct wall (C: arrowheads). 



Figure 4 Findings of endoscopic retrograde cholangiopancreatography and 
intraductal ultrasonography. Endoscopic retrograde cholangiopancreatography 
revealed an irregular narrowing of the main pancreatic duct (MPD) in the 
pancreatic head and dilation of the upstream MPD (A); There was a lower bile 
duct stricture (B); and intraductal ultrasonography showed diffuse thickening of 
the bile duct wall (C). 


irregular narrowing of MPD, other organ involvement 
(OOI), pancreas histology, and response to steroids; 
however, the serum IgG4 levels were not elevated. The 
patient was treated continuously with maintenance 
doses of prednisolone and was relapse-free after 
approximately 1 year. 


DISCUSSION 

The concept of AIP was proposed by Yoshida et a/ [1] 
in 1995. Recent studies suggested that there are two 
distinct subtypes of AIP: type 1 and type 2 [7 9] . The 
histological descriptions of type 1 and 2 AIP are LPSP [10] 
and idiopathic duct-centric pancreatitis (IDCP) or 
granulocytic epithelial lesion (GEL) [11] , respectively. The 
characteristic histological features of type 1 AIP are 
as follows: (1) marked lymphoplasmacytic infiltration 
with fibrosis and without granulocytic infiltration; (2) 
storiform fibrosis; (3) obliterative phlebitis; and (4) 
abundant [> 10 cells/high-power field (HPF)] IgG4- 
positive plasma cells. Type 1 AIP also has several 
specific clinical manifestations, such as increased 
serum levels of IgG4 and OOI and responsiveness to 
steroids [7] . Recently, IgG4-RD was recognized as a 
novel clinical entity with multiorgan involvement that 
is associated with the abundant infiltration of IgG4- 
positive plasma cells [5,6] . IgG4 may play a central 
role in the clinical features of IgG4-RD; however, the 
detailed pathophysiological mechanisms behind these 
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Figure 5 Histological findings of pancreas specimens. The histological examination revealed marked lymphoplasmacytic infiltration, storiform fibrosis, and 
obliterative phlebitis (arrowheads). Immunostaining showed CD38-positive plasma cells and CD 163-positive spindle macrophage infiltration. However, no lgG4-positive 
plasma cells were detected. A: Hematoxylin and eosin staining (magnification * 200 ); B: Elastica-Masson’s staining (magnification x 200); Immunohistochemical 
staining for CD38 (C), CD163 (D), and lgG4 (E) are also shown at magnification * 100. 


Table 2 Laboratory data after steroid therapy 


Test 

Result 

Reference 

range 

Test 

Result 

Reference 

range 

Test 

Result 

Reference 

range 

WBC (10 3 / gL) 

9.3 

4.0-9.0 

TP (g/dL) 

7.1 

6.7-8.1 

TG (mg/dL) 

78 

30-150 

RBC (10 6 / |xL) 

4.31 

4.27-5.70 

Albumin (%) 

57.6 

54.6-66.1 

TC (mg/dL) 

197 

130-220 

Hb (g/dL) 

12.6 

14.0-18.0 

Alpha 1 (%) 

4.7 

2.7-4.3 

GLU (mg/dL) 

96 

68-109 

Ht (%) 

38.4 

40.0-52.0 

Alpha 2 (%) 

10.2 

6.2-10.5 

HbAlc (%) 

5.8 

4.6-6.2 

Pit (10 3 / gL) 

203 

150.0-350.0 

Beta 1 (%) 

5.7 

5.0-7.5 

CRP (mg/dL) 

0.1 

0.0-0.3 




Beta 2 (%) 

3.4 

3.5-6.6 




T-Bil (IU/L) 

0.5 

0.2-1.0 

Gamma (%) 

18.4 

12.3-22.8 

IgG (mg/dL) 

1487 

870-1700 

ALP (IU/L) 

292 

115-359 

Alb (g/dL) 

3.9 

3.8-5.3 

IgG4 (mg/dL) 

3.9 

4.8-105 

y-GTP (IU/L) 

30 

10-47 

BUN (mg/dL) 

25.0 

8-20 

CEA (ng/dL) 

1.3 

0.0-5.0 

AST (IU/L) 

16 

8-38 

Cr (mg/dL) 

0.98 

0.44-1.15 

CA19-9 (U/mL) 

12.7 

0.0-37.0 

ALT (IU/L) 

20 

4-43 

Na (mEq/L) 

140 

136-141 




LDH (IU/L) 

203 

119-229 

K (mEq/L) 

4.4 

3.5-5.1 




Lipase (IU/L) 

22 

6-48 

Cl (mEq/L) 

104 

98-107 




Amylase (IU/L) 

44 

37-125 

Ca (mg/dL) 

9.3 

8.6-10.1 





effects are unclear. 

This case was diagnosed with definitive type 1 
AIP according to the ICDC and pancreas histology 
(LPSP; level 1). In this patient, parenchymal imaging, 
ductal imaging, and OOI were all level 2. Based on 
his response to steroid treatment, the only probable 
diagnosis was type 1 AIP. However, lymphoplasmacytic 
sclerosing pancreatitis without IgG4-positive plasma 
cells was detected in the pancreas fine needle aspirate 
specimens. ICDC recommends obtaining a core 
biopsy specimen or resection specimen for histological 
evaluation. However, we have previously reported 


that histological diagnosis of AIP is possible from an 
EUS-FNA specimen obtained using a 22G needle [12] . 
In the present case, we showed that EUS-FNA using 
a 19G needle provides an adequate tissue sample for 
histological diagnosis. Serum IgG4-negative AIP has 
been reported in several studies [1316] and pediatric cases 
have also been reported [17] . These reports described 
that IgG4-negative AIP presents with weak symptoms 
such as abdominal pain and jaundice [13] as well as 
the appearance of OOI compared to IgG4-positive 
AI p[i3,i5,i6]_ The present case exhibited significant OOI in 
several organs, including the pancreas; however, there 
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Before After 


Figure 6 Findings of computed tomography after steroid therapy. Computed tomography showed improved the enlargement of the pancreas (indicated 
arrowheads) and kidneys. 



Before After Before After 

Figure 7 Findings of fluorodeoxyglucose-positron emission tomography after steroid therapy. Fluorodeoxyglucose (FDG)-positron emission tomography 
showed reduced FDG uptake in various organs. 


was no elevation of the serum IgG4 levels or IgG4- 
positive plasma cell infiltration in the pancreas, salivary 
gland, or kidneys. In addition, the histological findings 
in this case revealed type I AIP without abundant IgG4- 
positive plasma cells. Since this case was not type 2 
AIP and there was no IgG4-related type 1 AIP activity, 
the pathophysiological mechanism of this case may be 
different from the IgG4-negative AIP cases reported 
previously. 


The mechanism by which IgG4 is produced is 
unclear. Several studies examining the mechanism of 
IgG4 production have been reported, including a T cell- 
dependent pathway and a T cell-independent pathway. 
For the T cell-dependent pathway, recent studies have 
described the increased production of regulatory T cell 
(Treg) and IL-10 in IgG4-RD tissues [18 20] . In addition, 
IL-10 was secreted by inducible costimulatory molecule 
(ICOS)-positive Tregs. The increased number of ICOS- 
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Figure 8 Histological findings of pancreas and salivary gland specimens. Pancreas and salivary gland tissues exhibited increased CD3-positive T cell infiltration 
compared with CD20-positive B cell infiltration. A-C: Pancreas (magnification * 100); D-F: salivary gland (magnification * 100); A, D: Hematoxylin and eosin staining; B, 
C, E, F: Immunohistochemical staining for CD38 (B, E) and CD20 (C, F). 


positive Tregs correlated with the production of IL-10, 
which may influence the switching of B cells into IgG4- 
producing plasmacytes and the production of serum 
IgG4 [21] . In contrast, the T cell-independent pathway 
involves the activation of toll-like receptors (TLRs) and 
nucleotide-binding oligomerization domain (NOD)-like 
receptors (NLRs) in monocytes by microbial antigens, 
which induces the production of IgG4 via the activation 
of B cell-activation factor (BAFF)-mediated signaling 
pathways 122,231 . 

There are several possible reasons for the absence 
of high serum IgG4 levels and IgG4-positive plasma 
cell infiltration in the present case. The first possible 
reason is an impaired class switch from IgG to IgG4. 
Although the elevated serum IgG concentrations in 
this case indicated intact IgG production, the low 
proportion of IgG4 suggested an impaired class switch 
to IgG4. In addition, immunostaining revealed a 
decrease in infiltrating CD20-positive B cells compared 
with that in CD3-positive T cells. Greater CD20-positive 
B cell infiltration than CD3-positive T cell infiltration is 
commonly observed in IgG4-negative AIP patients [13] . 

We evaluated pancreas aspirates with anti-CD3 
and anti-CD20 antibodies to establish whether T cells 
or B cells were more active. In the present case, 
examination of the pancreas and salivary gland tissues 
revealed the presence of greater CD3-positive T cell 
infiltration than CD20-positive B cell infiltration (Figure 
8). This finding was different from that in a previous 
report [13] . Our finding suggests that the IgG4-negative 


presentation is the result of a suppressed T cell- 
independent pathway, or of BAFF-mediated, reduced 
IgG4 production. The accumulation of further cases 
similar to the present one is required to clarify the 
pathogenesis of AIP. 

In conclusion, we treated a patient with AIP whose 
symptoms were compatible with type 1 AIP but who 
did not show elevated serum IgG4 or IgG4-positive 
plasma cells in any involved organs. This finding 
suggests that the pathogenesis of type 1 AIP is not 
always associated with a mechanism involving the 
overproduction of IgG4. 


COMMENTS 


Case characteristics 

A 50-year-old male was referred to our hospital for the evaluation of 
hyperproteinemia. 

Clinical diagnosis 

The physical examination showed elastic, painless, and persistent swelling of 
the salivary and lacrimal glands. 

Differential diagnosis 

Autoimmune pancreatitis, lgG4-related disease, sialadenitis, interstitial 
nephritis. 

Laboratory diagnosis 

An elevation of hepatobiliary enzymes (386 IU/L alkaline phosphatase, 101 IU/L 
y-glutamyl transpeptidase) and pancreatic enzymes (245 IU/L serum amylase, 
339 IU/L serum lipase), renal dysfunction (1.36 mg/dL creatinine), and the 
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serum levels of IgG were extremely high (6,662 mg/dL); however, serum lgG4 
levels were normal (78.2 mg/dL). 

Imaging diagnosis 

Fluorodeoxyglucose (FDG)-positron emission tomography revealed high FDG 
uptake in the pancreas, both lacrimal glands, submandibular glands, parotid 
glands, bilateral pulmonary hilar lymph nodes, kidneys, and an abdominal 
computed tomography depicted localized swelling of the pancreatic head, mild 
dilation of the upstream main pancreatic duct, a thickened common bile duct 
wall, swelling of the bilateral kidneys. 

Pathological diagnosis 

The histological findings by endoscopic ultrasonography-guided fine-needle 
aspiration revealed lymphoplasmacytic sclerosing pancreatitis without lgG4- 
positive plasma cells, and percutaneous biopsies of the swollen salivary glands 
and kidneys showed remarkable lymphoplasmacytic infiltration and fibrosis. 

Treatment 

Prednisolone was orally administered at a dose of 30 mg/d to treat autoimmune 
pancreatitis (AIP) and intestinal nephritis. 

Related reports 

Serum lgG4-negative AIP has been reported in several studies. These 
reports described that lgG4-negative AIP presents with weak symptoms such 
as abdominal pain and jaundice as well as the appearance of other organ 
involvement (OOI) compared to lgG4-positive AIP. This patient exhibited 
significant OOI in several organs; however, there was no elevation of the serum 
lgG4 levels or lgG4-positive plasma cell infiltration. This case might differ from 
the lgG4-negative AIP cases reported previously. 

Experiences and lessons 

This case exhibited significant OOI in several organs including the pancreas; 
however, there was no elevation of the serum lgG4 levels or lgG4-positive 
plasma cell infiltration in the pancreas, salivary gland, or kidneys; this case 
suggests that the phenotype of type 1 AIP does not require lgG4 elevation. 

Peer-review 

The authors have provided an extensive review on the various known 
phenotypes of AIP and their case report offers insight into a less common 
phenotype. This article suggests that the pathogenesis of type 1 AIP is not 
always associated with a mechanism involving the overproduction of lgG4. 
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Abstract 

An appendiceal neurofibroma (ANF) is a rare neoplasm 
associated with neurofibromatosis type l(NF-l), an 
inheritable neurocutaneous disorder that involves multiple 
systems including the intraabdominal organs. Appendiceal 
diverticulitis occasionally ruptures in the absence of 
intense abdominal pain, which can lead to serious 
consequences. Recent reports highlight the association 
between appendiceal diverticulum and appendiceal 
neoplasms; however, there is still little information on 
the association between appendiceal diverticulitis and 
ANF in NF-1. A 51-year-old Japanese male with NF-1 was 
referred to the division of surgery for mild right lower 
quadrant pain. It was suspected he had perforated acute 
appendicitis with periappendiceal abscess based on clinical 
manifestations and findings of computed tomography. 
An emergency appendectomy was conducted. The 
pathological examination revealed diffusely proliferated 
tumor cells of a neurofibroma, coexistent with multiple 
appendiceal diverticulums, leading to the diagnosis of 
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perforated appendiceal diverticulitis associated with ANF. 
Although he developed a remnant abscess, he recovered 
with the conservative treatments of antibiotics and 
drainage. This case suggests that appendiceal diverticulitis 
might be a complication of appendiceal involvement of 
NF-1, and that it occasionally ruptures in the absence of 
intense abdominal pain. Clinicians should recognize that 
NF-1 can cause various abdominal manifestations. 

Key words: Appendiceal diverticulum; Appendiceal 
diverticulitis; Neurofibromatosis type 1; Appendiceal 
neurofibroma; Appendiceal perforation 

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved. 


Core tip: An appendiceal neurofibroma (ANF) is a rare 
neoplasm associated with neurofibromatosis type 1 
(NF-1), an inheritable neurocutaneous disorder that 
involves multiple systems including the intraabdominal 
organs. Appendiceal diverticulitis occasionally ruptures 
in the absence of intense abdominal pain, which 
can lead to serious consequences. There is still little 
information on the association between appendiceal 
diverticulitis and ANF in NF-1. This patient presented 
with NF-1 and developed an ANF, complicated with 
appendiceal diverticulitis, which highlights the possible 
association of appendiceal diverticulitis and ANF in 
NF-1. This case could be used to enhance clinicians' 
awareness of abdominal manifestations in NF-1. 


Ozaki A, Tsukada M, Watanabe K, Tsubokura M, Kato S, 
Tanimoto T, Kami M, Ohira H, Kanazawa Y. Perforated 
appendiceal diverticulitis associated with appendiceal neurofibroma 
in neurofibromatosis type 1. World J Gastroenterol 2015; 
21(33): 9817-9821 Available from: URL: http://www.wjgnet. 
com/1007-9327/full/v21/i33/9817.htm DOI: http://dx.doi. 
org/10.3748/wjg.v21.i33.9817 


INTRODUCTION_ 

Neurofibromatosis type 1 (NF-1) is one of the most 
common inheritable diseases [1] . It is a neurocutaneous 
disorder that possesses a high risk of multiple tumor 
formation [2] . It can involve intraabdominal organs as 
well as the nervous system and the skin [1,2] . 

An appendiceal neurofibroma (ANF) is a rare 
neoplasm associated with NF-1 [3 6] . It typically presents 
with an appendicitis-like abdominal pain [3,4,7] . Imaging 
study shows an enlarged and diffusely thickened 
appendix [4 6] . Surgical resection is the standard 
treatment [4 " 8] . 

Appendiceal diverticulitis occasionally ruptures 
in the absence of an intense abdominal pain, and 
some patients develop serious consequences such as 
secondary peritonitis and abdominal abscesses [9 " 11] . 
In addition, it is more likely to rupture compared with 
acute appendicitis [9 " 11] . While an association between 



Figure 1 Enhanced computed tomography. The abdominal scan showed a 
periappendiceal abscess (arrow). 

appendiceal diverticulum and appendiceal neoplasms 
has recently been reported [12,13] , little is known about 
the association between appendiceal diverticulitis and 
ANF in NF-1. This report focuses on a patient with NF-1 
who developed an ANF, complicated by appendiceal 
diverticulitis. 


CASE REPORT 

A fifty-one-year old Japanese male with NF-1 pre¬ 
sented with mild right lower quadrant pain that lasted 
one week. He was diagnosed with NF-1 due to cafe- 
au-lait spots and cutaneous neurofibromas at age 
of twenty-five, thereafter his skin lesions gradually 
worsened. 

At the initial examination, he was afebrile, but 
there was localized rigidity with mild tenderness in 
the right lower quadrant. His white blood cell count 
was 13580/mL with 84% neutrophils. Serum levels 
of C-reactive protein were 7.26 mg/dL (normal value: 
< 0.3 mg/dL). An emergent abdominal computed 
tomography showed an inflamed and diffusely 
thickened appendix and abdominal abscess (Figure 
1). Based on the clinical diagnosis of perforated 
acute appendicitis with periappendiceal abscess, 
an emergency laparotomy was conducted. A lower 
midline incision was performed to successfully drain 
the abdominal abscess. The appendix was thickened 
diffusely, perforated, and surrounded by a malodorous 
abscess (Figure 2). The appendix was successfully 
resected, and the abscess was drained. During the 
surgery, drainage tubes were placed in the rectovesical 
pouch and the abscess cavity, respectively. Drainage 
from the rectovesical pouch was serous, and the tube 
was removed six days after the surgery, when the 
amount of drainage decreased. However, even one 
week after the surgery, the drainage from the abscess 
cavity remained purulent, leading to the diagnosis 
of a remnant abscess. The patient received the 
conservative treatments of antibiotics and drainage, 
and the amount of the exudates via the tube gradually 
decreased. The tube was removed twenty-two days 
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Figure 2 Surgical findings. The appendix of the patient was diffusely 
thickened and inflamed, with perforation. 

after the surgery. He was discharged twenty-three 
days after the surgery. 

The resected appendix was thickened diffusely and 
stiffened. A pathological examination showed diffuse 
proliferation of the tumor cells of a neurofibroma 
(Figure 3A), coexisting with multiple diverticulums 
(Figure 3B). The majority of diverticulums were small 
in size, causing subtle epithelial herniation. The final 
diagnosis was perforated appendiceal diverticulitis 
associated with ANF. 


DISCUSSION 

This case suggests that appendiceal diverticulitis may 
be a complication of ANF in NF-1. We cannot deny 
the possibility of coincidental occurrence of the two 
diseases since little information is available concerning 
the association between appendiceal diverticulitis and 
ANF in NF-1. However, recent studies suggest that 
appendiceal diverticulum might be a complication 
of appendiceal neoplasms [12,13] . It is speculated that 
tumor cells proliferating in the appendiceal wall 
contribute to elevation of the intraluminal pressure by 
obstructing the appendicular root and/or by stiffening 
and thickening the appendiceal wall. This process is 
thought to lead to the development of appendiceal 
diverticulum and diverticulitis [12] . The present case was 
compatible with these reports, considering that the 
appendix including its root was diffusely thickened and 
stiffened as a result of diffuse proliferation of the tumor 
cells. Evidence of elevated intraluminal pressure was 
not apparent because the patient presented after the 
development of perforation. Furthermore, the status 
of NF-1 was progressive in the present case. A recent 
study has shown that gastrointestinal neurofibromas 
in NF-1, including an ANF, arise during midlife or after 
the development of skin lesions [1] . In the present case, 
the majority of appendiceal diverticulums were small 
in size, suggesting that they were in the early phase 
of development™. Thus, it is reasonable to assume 
that appendiceal diverticulums and ANF concurrently 
developed. These findings support the possible 



Figure 3 Pathological findings (Hematoxylin-eosin staining). A: Spindle 
shaped tumor cells proliferated diffusely in the interstitium between the crypts, 
without forming a distinct mass (magnification * 10); B: Multiple diverticulums 
were present in the wall of the appendix. The majority of diverticulums were 
small in size, causing subtle epithelial herniation (magnification * 1). 

association between appendiceal diverticulitis and ANF 
in NF-1. 

It is to be noted that the appendix ruptured in the 
absence of an intense abdominal pain. This finding 
is compatible with previous reports on appendiceal 
diverticulitis [9 " 11] , while exact pathogenesis remains 
to be clarified. Appendiceal diverticulitis frequently 
presents with a mild right lower quadrant pain 
and more indolent clinical courses, compared 
with acute appendicitis [9,10] . However, it can easily 
rupture because the development of appendiceal 
diverticulum induces the epithelial herniation through 
the muscularis propria, which causes the thinning 
of appendiceal wall [10,11,14] . This case shows that 
perforation of the appendiceal diverticulum can cause 
a massive abdominal abscess. It is important to 
make an early diagnosis, and to initiate appropriate 
treatments promptly to avoid severe sequelae such 
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as secondary peritonitis when patients with NF-1 
develop appendiceal diverticulitis [911] . Visualization 
of the appendiceal diverticulum using abdominal 
ultrasonography might be useful in the preoperative 
diagnosis of appendiceal diverticulitis [11,15,16] . 

NF-1 can cause various abdominal manifestations. 
Abdominal neurofibromas can arise from the eso¬ 
phagus to the anorectum, and also in the associated 
peritoneal and mesenteric soft tissues [1] 2 3 4 5 6 7 8 9 10 11 12 . Other than 
neurofibromas, gastrointestinal stromal tumors and 
neuroendocrine tumors may occui 1173 . An early diagnosis 
is important, considering the risk of malignancy and 
complications, such as hemorrhage, obstruction, and 
perforation [17,18] . However, a recent report indicates 
abdominal manifestations of NF-1 rarely come into the 
mind of clinicians due to a lack of knowledge about 
their frequency and wide clinicopathological spectrum [1] . 
Awareness of abdominal manifestations holds great 
importance in the management of NF-1, as it has been 
shown that a considerable number of patients with NF-1 
develop abdominal tumors [17] . 

In conclusion, this case suggests that appendiceal 
diverticulitis might be a complication of appendiceal 
involvement of NF-1, and that it occasionally ruptures 
even in the absence of intense abdominal pain. 
Clinicians should recognize that NF-1 can cause various 
abdominal manifestations. 


COMMENTS 


Case characteristics 

A fifty-one-year old Japanese male with neurofibromatosis type 1 presented 
with mild right lower quadrant pain that lasted one week. 

Clinical diagnosis 

The patient was afebrile, but there was localized rigidity with mild tenderness in 
the right lower quadrant. 

Differential diagnosis 

Based on the pathological findings, the diagnosis of appendiceal diverticulitis 
and appendiceal neurofibroma was made, although the clinical diagnosis was 
perforated acute appendicitis with periappendiceal abscess. 

Laboratory diagnosis 

The patient had elevated hematological values for white blood cell count (13580/ 
ml_) with 84% neutrophils, and C-reactive protein (7.26 mg/dl_). 

Imaging diagnosis 

An emergent abdominal computed tomography showed an inflamed and 
diffusely thickened appendix and abdominal abscess. 

Pathological diagnosis 

The pathological examination revealed diffusely proliferated tumor cells of a 
neurofibroma, coexistent with multiple appendiceal diverticulums. 

Treatment 

An emergency appendectomy and the following conservative treatments of 
antibiotics and drainage were conducted. 

Related reports 

An appendiceal neurofibroma is a rare neoplasm associated with 


neurofibromatosis type 1. Appendiceal diverticulitis occasionally ruptures in 
the absence of intense abdominal pain. Although recent reports highlight the 
association between appendiceal diverticulum and appendiceal neoplasms, 
there is still little information on the association between appendiceal 
diverticulitis and appendiceal neurofibroma in neurofibromatosis type 1. 

Term explanation 

An appendiceal neurofibroma is a rare neoplasm associated with neuro¬ 
fibromatosis type 1. 

Experiences and lessons 

This case suggests that appendiceal diverticulitis might be a complication of 
appendiceal involvement of neurofibromatosis type 1, and that it occasionally 
ruptures in the absence of intense abdominal pain. 

Peer-review 

This report highlights the possible association of appendiceal diverticulitis 
and appendiceal neurofibroma in neurofibromatosis type 1. This case could 
be used to enhance clinicians’ awareness of abdominal manifestations in 
neurofibromatosis type 1, while whether this case is just rare in clinical settings 
or if this case represents other patients remains to be elucidated. 
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Abstract 

Non-functioning pancreatic neuroendocrine tumors 
(NF-PNETs) are rare tumors that account for 2% of 
all pancreatic malignancy. About 60% of NF-PNETs 
present distant metastases and usually hepatic me- 
tastases. However, cutaneous metastases are very 
rare. Herein, we report our experience with a 60-year- 
old male who visited our outpatient clinic with a mass 
on his left hip. An abdominal computerized tomography 
scan demonstrated not only a left hip mass and an 
enlarged left inguinal lymph node, but also a huge 
heterogeneous enhancing mass on the pancreas. 
Initially, we removed the metastatic lesions, which was 
a small cell neuroendocrine carcinoma with 50% of 
the Ki-67 index in the histopathological report. After 3 
wk, we performed a total pancreatectomy and a total 
gastrectomy. Four weeks after the 1 st operation, we 
detected a recurrence at the operative bed on his left 
hip, and subsequently removed the recurring mass. 
The patient was receiving chemotherapy based on 
etoposide and cisplatin treatment. 

Key words: Pancreas; Neuroendocrine tumor; Skin 
neoplasm; Neoplasm metastasis; Pancreatectomy 

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved. 


Core tip: We report the first known case of cutaneous 
metastasis as an initial presentation of a high grade 
non-functional pancreatic neuroendocrine tumor treated 
by surgical resection of both primary and metastatic 
lesions. 


Shin WY, Lee KY, Ahn SI, Park SY, Park KM. Cutaneous 
metastasis as an initial presentation of a non-functioning 
pancreatic neuroendocrine tumor. World J Gastroenterol 2015; 
21(33): 9822-9826 Available from: URL: http://www.wjgnet. 
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INTRODUCTION 

Non-functioning pancreatic neuroendocrine tumors 
(NF-PNETs) are rare. Based on the data from the 
Surveillance, Epidemiology, and End Results (SEER) 
Program, NF-PNETs account for 2% of pancreatic 
malignancies. The annual worldwide incidence has 
been gradually increasing from 1.4 per million in 
1973 to 3.0 per million in 2004 [1] . Clinically, PNETs 
are classified as either functional or non-functional 
tumors [2] . While functioning PNETs might secrete 
several peptide hormones and cause paraneoplastic 
symptoms, NF-PNETs do not cause paraneoplastic 
symptoms and present as symptoms of mass effects, 
distant metastases, or both. Hence, NF-PNETs are 
often diagnosed as late secondary due to their vague 
symptoms and rarity. About 60% of NF-PNETs present 
distant metastases, which are usually hepatic [1,3,4] . 
Surgical therapy for NF-PNETs has improved survival 
outcome of patients with localized and metastatic 
carcinomas [1,5] . Cytoreductive surgery is recommended 
for patients with advanced disease/palliation, and is 
known to increase survival [6,7] . 

Cutaneous metastasis of NF-PNET is very rare. 
Notably, there have been no reports in which a 
patient has suffered from both primary and cutaneous 
metastatic lesions. Herein, we present a very rare case 
in which high grade NF-NET with cutaneous metastasis 
as the first manifestation was subjected to surgical 
resection. 


CASE REPORT_ 

A 60-year-old male visited our outpatient clinic with 
a mass on his left hip. He had diabetes and alcoholic 
hepatitis. On physical examination, a large mass 
measuring 10 cm in diameter was observed on his hip 
and an approximate 5 cm left inguinal lymph node was 
palpable (Figure 1). 

Serum tumor markers, including CEA and CA 19-9, 
were within normal limits, whereas serum amylase 
(227 IU/L, normal range 43-116 IU/L), lipase (378 IU/L, 
normal range 7-60), fasting blood sugar (144 mg/dL, 
normal range, 70-100 mg/dL), and liver function test 
levels [including aspartate aminotransferase (178 IU/L, 
normal range, 7-38 IU/L), alanine aminotransferase 
(225 IU/L; normal range, 4-43 IU/L), and serum 
alkaline phosphatase (370 IU/L, normal range, 
103-335 IU/L)] were all above normal ranges. 

An abdominal computerized tomography (CT) 
scan demonstrated not only a left hip mass and an 
enlarged left inguinal lymph node, but also a huge 
heterogeneous enhancing mass on the body of 
the pancreas (Figure 2). On a PET scan, additional 
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Figure 1 Gross appearance of the left hip mass (A) and the left inguinal 
mass (B). 

metastases were not found. 

We planned a staged surgery and performed a hip 
and inguinal mass excision on December 19, 2014. 
The histopathological report revealed a metastatic 
small cell neuroendocrine carcinoma with a maximal 
diameter of 10.5 cm on the buttock mass and a 7 
cm growth on an inguinal lymph node. The mitotic 
index was over 50 mitoses per 50 HPF and the Ki-67 
index measured at 50%. On January 21, 2015, 
we performed a total pancreatectomy and a total 
gastrectomy, with the findings revealing a tumor of the 
body of the pancreas about 9 cm x 6 cm in diameter 
involving the left gastric artery, splenic artery, and 
splenic vein. The histopathological report was the same 
as that of a metastatic lesion. Additionally, the tumor 
had spread to 8 of the 32 lymph nodes (Figure 3). 

On the 7 th post-operative day, the patient developed 
a high fever and leukocytosis. We administered an 
abdominal CT scan, which revealed infected fluid 
collection in the lesser sac and a 4.7 cm-sized recurring 
mass which was detected at the operative bed of the 
left hip (Figure 4). After infection of the abdominal 
cavity was treated by antibiotics, we removed the 
left hip recurring mass on February 3, 2015. The 
histopathology was the same as in the previous report; 
with a maximum diameter of 7.5 cm. The patient was 
discharged without other complications on February 9, 
2015. He is currently receiving chemotherapy based 
on etoposide and cisplatin treatment. 
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Figure 2 Abdominal computerized tomography scan revealed not only the left hip and inguinal masses (A), but also a heterogeneous enhancing mass on 
the body of the pancreas (B). 



Figure 3 Hematoxylin and eosin stain demonstrated the small to medium-sized cells with scanty cytoplasm and hyperchromatic nucleoli (A, magnification 
x 200), and the gross appearance of the pancreatic mass (B). 



Figure 4 Abdominal computerized tomography scan reveals a 4.7 cm- 
sized enhancing mass at the site of the previous mass excision. 


DISCUSSION 

Cutaneous metastasis of pancreatic cancer is rare, 
with only 63 reported cases in the literature. Among 
these, adenocarcinoma was predominant (84.1%; 
53/63) and the median survival of patients was 5 
mo [8] . In the case of neuroendocrine tumors, 35 cases 
with cutaneous or subcutaneous metastases have 
been reported in the literature. Of these, cutaneous 
metastasis of PNET comprised only 2 cases [9] . One 


case developed into an umbilical metastasis 2 years 
after distal pancreatectomy for an islet cell tumor. 
The survival outcome of the 1 st patient was not 
described [10] . The other patient had a scalp metastasis 
of a well-differentiated PNET and died 36 mo after a 
skin biopsy [9] . To our knowledge, our case is the third 
report of a cutaneous metastasis of PNET and the first 
of cutaneous metastasis of pancreatic neuroendocrine 
carcinoma (NEC). 

It might be questionable as to whether surgical 
resection is beneficial in our patient. Based on SEER 
data, the prognostic factors of NF-PNETs were: 
resection of the primary tumor, low tumor grade, 
absence of distant metastases, and a younger age. In 
patients with distant metastases, the survival outcome 
of patients where both the primary and metastatic 
lesions were removed has been statistically better 
than in patients either undergoing resection of primary 
or metastatic sites or not undergoing resection. 
High grade tumors yield very dismal outcomes. 
The median survival time of low, intermediate, and 
high grade tumors are 5 years, 4.4 years, and 7 
mo, respectively (P < 0.001) [1] . These tumor grade 
results were investigated regardless of primary and/or 
metastatic lesion resection. According to the European 
Neuroendocrine Tumor Society (ENETS) consensus 
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guidelines, grade 3 metastatic NEC has an overall 
poor prognosis, regardless of whether or not they 
present with liver metastases 1 2 3 4 5 6 [7] . ENETS suggested that 
resection of metastases of grade 3 NEC is generally 
not recommended, but may be considered in individual 
cases with isolated resectable metastases. It was 
also suggested that debulking resections with the 
removal of about 90% of the tumor volume can be 
exceptionally justified in a palliative situation [7] * . 

Our case had a high grade of NF-PNET with distant 
and nodal metastases. As described, our case had 
recurrence within 1 mo. It took 46 d for the size of 
the recurrent mass to reach a 7.5 cm maximum 
size. The tumor grew very fast. Currently, the patient 
has survived for 4 mo after the 1 st operation and 
has received 2 cycles of chemotherapy. A recent 
abdominal CT scan revealed an enlargement of the 
paraaortic lymph nodes (data not shown). Though he 
has undergone aggressive surgery, he has suffered 
from a Grade n complication of the Clavien-Dindo 
classification [11] . Some authors have reported that 
aggressive surgery could be done with acceptable 
morbidity and mortality rates for patients with 
advanced neuroendocrine tumors [12,13] . Hence, if 
it could be done safely, it seemed reasonable for 
this case of high-grade NF-PNET to be treated by 
aggressive surgical resection, despite the dismal 
prognosis. 

In summary, we report the case of a patient who 
had a high grade NF-PNET with cutaneous metastasis 
and underwent surgical resection of both primary and 
metastatic tumors. 


COMMENTS 


Case characteristics 

A 60-year-old man presented with a mass on his left hip. 

Clinical diagnosis 

On physical examination, a mass measuring 10 cm in diameter was observed 
on the patient’s hip and an approximately 5 cm left inguinal lymph node was 
palpable. 

Differential diagnosis 

Differential diagnosis included pancreatic adenocarcinoma with cutaneous 
metastasis. 

Laboratory diagnosis 

Serum CA 19-9 were within normal limits, whereas serum amylase (227 
IU/L), lipase (378 IU/L), fasting blood sugar (144 mg/dl_), and a liver function 
test levels [including aspartate aminotransferase (178 IU/L), alanine 
aminotransferase (225 IU/L), and serum alkaline phosphatase (370 IU/L)] were 
all above normal ranges. 

Imaging diagnosis 

An abdominal computerized tomography scan demonstrated not only a left hip 
mass and an enlarged left inguinal lymph node, but also a huge heterogeneous 
enhancing mass on the body of the pancreas. 

Pathological diagnosis 

The histopathological report revealed a metastatic small cell neuroendocrine 


carcinoma with 50% of the Ki-67 index. 

Treatment 

The patient underwent staged surgery consisting of hip and inguinal masses 
excision, followed by a total pancreatectomy and a total gastrectomy. 

Related reports 

A total of 2 cases of cutaneous metastasis of pancreatic neuroendocrine 
tumors (PNETs) have been reported in the literature. This is the third report of 
cutaneous metastasis of PNET and the first report of cutaneous metastasis of 
pancreatic neuroendocrine carcinoma. 

Term explanation 

Neuroendocrine tumors derived from the diffuse neuroendocrine system of 
the gastrointestinal tract and pancreas are fairly rare. They frequently have 
unpredictable and unusual biological behavior, and frequently present late after 
a delayed diagnosis. 

Experiences and lessons 

This is the first known case report of grade 3 non-functioning PNET (NF-PNET) 
with cutaneous metastasis that was surgically removed. Although the patient 
quickly experienced recurrence, we think that if the lesions are almost totally 
removed, debulking resections can be justified. 

Peer-review 

NF-PNETs are rare and cutaneous metastases. This is interesting case with a 
described long-term patient outcome. 
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Abstract 

Liposarcomas rarely develop in the aerodigestive tract. 
Here, we present a primary esophageal liposarcoma 
that was discovered between the T3 and T7 levels of 
the esophagus during right pleural exploration of a 
51-year-old male patient. The patient had presented 
with non-specific symptoms, including progressive 
dysphagia over the previous 6 mo, without complaints 
of chest or epigastric pain, regurgitation, or weight 
loss. A radical three-hole esophagectomy was 
performed. The tumor was extremely large (14 cm x 
7.0 cm x 6.5 cm), but completely encapsulated. Upon 
histological examination, the tumor was diagnosed as a 
giant, well-differentiated esophageal liposarcoma with 
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a dedifferentiated component. Non-specific radiological 
and endoscopic results during the clinical work-up 
delayed diagnosis until post-operative histology was 
performed. In this report, the clinical, radiological and 
endoscopic diagnostic challenges specific to the case 
are discussed, as well as the surgical and pathological 
findings. 

Key words: Achalasia; Esophagectomy; Esophagus; 
Liposarcoma 

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved. 


Core tip: Primary esophageal liposarcoma is an 
extremely rare malignancy. In this case report, a 
giant, well-differentiated esophageal liposarcoma with 
a dedifferentiated component was removed from a 
51-year-old male patient. The tumor displayed a non¬ 
specific appearance on imaging and endoscopy, which 
prohibited an accurate diagnosis pre-operatively. 
Therefore, clinical, radiological, and endoscopic aspects 
of the case, as well as the surgery and pathology of the 
tumor, are discussed in detail. 


Lin ZC, Chang XZ, Huang XF, Zhang CL, Yu GS, Wu SY, Ye M, 
He JX. Giant liposarcoma of the esophagus: A case report. World 
J Gastroenterol 2015; 21(33): 9827-9832 Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v21/i33/9827.htm DOI: 
http://dx.doi.org/10.3748/wjg.v21.i33.9827 


INTRODUCTION 

Liposarcoma is a rare malignant tumor that usually 
develops in the soft tissue of the extremities, the 
trunk or the retroperitoneum, and seldom in the 
aerodigestive tract. The first report of a primary 
esophageal liposarcoma was published in 1983 [1] , and 
only 30 cases have appeared in the literature since 
then [2] . Due to the novelty of these tumors, the clinical, 
radiological, endoscopic, surgical and pathological 
findings of a case in a Chinese patient are discussed 
in detail here. Briefly, a giant, well-differentiated 
esophageal liposarcoma with a dedifferentiated 
component was identified in a 51-year-old male 
patient. Treatment included a radical, three-hole 
esophagectomy to resect the disease. 


CASE REPORT 

A 51-year-old Chinese man presented with a 6-mo 
history of progressive dysphagia without complaints 
of chest or epigastric pain, regurgitation, or significant 
weight loss. In the days leading to hospitalization, 
the patient could not tolerate solid food and had 
experienced intermittent difficulties ingesting liquids. 
The clinical history was otherwise unremarkable, 


and no significant abnormalities were observed upon 
physical examination. 

A computed tomographic (CT) scan of the chest 
and abdomen was performed. The esophagus was 
found to be extensively dilated (upper and middle 
thirds) from the thoracic inlet all the way to the 
inferior pulmonary vein level, over an area of 15 cm 
in length and 9.5 cm in width (Figure 1A-C). The 
remaining lower third of the esophagus displayed no 
abnormalities. An extremely dilated upper and middle 
esophagus was also evident on the subsequent barium 
swallow. The contrast passed slowly through the 
lower third of the esophagus but without any signs of 
a filling defect (Figure ID). All radiologic results were 
consistent with a diagnosis of achalasia. However, 
further examination performed with a diagnostic 
flexible esophagoscope revealed a large submucosal 
lesion or an extrinsic compression encompassing the 
esophageal lumen at 20 cm to 35 cm from the incisor 
teeth (Figure 2). The remaining lower region of the 
esophagus and the gastro-esophageal junction was 
normal in appearance. 

For exploration and radical resection of the disease, 
a three-hole approach - including a right thoracotomy, 
midline laparotomy and left cervical incision - was 
selected due to the gross obstruction and size and 
location of the lesion. During right pleural exploration, 
a large tumor was located between levels T3 and T7 
in the upper and middle thirds of the esophagus. The 
tumor was 14 cm x 7.0 cm x 6.5 cm in size. It was 
remarkably pliable and completely encapsulated. A 
radical esophagectomy was subsequently performed, 
and the cervical esophagus was anastomosed end-to- 
side with a gastric conduit in the neck. The operation 
was successful, and the patient fully recovered 
without post-operative complications. The patient was 
discharged on post-operative day 8 with discharge 
orders for a soft diet. 

Upon macroscopic examination, the surface of the 
tumor was found to be covered by normal esophageal 
mucosa. At one surgical margin of the specimen, 
a yellow lobulated transmural mass invading the 
esophageal wall was visible (Figure 3). The diagnosis 
upon histological examination was a delineated myxoid 
tumor in the subepithelial stroma. Spindle cells, 
lipoblasts, and mature fat cells were all present (Figure 
4A, B and D). Immunostaining revealed a marker 
profile (vimentin + , CD117", S-100 + , and CD34 + ) 
consistent with a well-differentiated liposarcoma. 
However, a dedifferentiated component was also 
present as indicated by the atypia exhibited by the 
spindle cells in the area between the esophageal 
mucosa and the tumor (Figure 4C). Immunostaining 
also revealed strong and weak patterns of expression 
for CDK4 and MDM2 respectively across both well- 
differentiated and dedifferentiated areas (Figure 5). 
Finally, the resection margins and lymph nodes were 
all free of tumor. The patient therefore required only 
close follow-up without further treatment. 
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Figure 1 Radiological imaging of the esophageal liposarcoma. A-C: Computed tomographic scan; D: Barium swallow. 



Figure 2 Endoscopic results of the esophageal liposarcoma. A large submucosal lesion or an extrinsic compression encompassing the esophageal lumen at 20 
cm to 35 cm from the incisor teeth was revealed through a diagnostic flexible endoscopy. The remaining lower region of the esophagus and the gastro-esophageal 
junction was normal in appearance. 



Figure 3 Surgical specimen of the esophageal liposarcoma. Normal esophageal mucosa is shown covering the surface of the tumor. A yellow lobulated 
transmural mass invading the esophageal wall is visible at one surgical margin of the specimen. 
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Figure 4 Histological analysis reveals a well-differentiated myxoid esophageal liposarcoma with a dedifferentiated component. Hematoxylin and eosin stain 
of paraffin-embedded sections highlighting histological features of the case. A: Myxoid tumor cells located just under normal squamous cell epithelia (magnification x 
100); B: Spindle tumor cells (magnification x 200); C: Dedifferentiated component of the liposarcoma (magnification x 100); D: Lipoblast cells (magnification x 200). 


DISCUSSION 

Although liposarcoma is the most common tumor of 
mesenchymal origin occurring in adults, development 
in the esophagus is extremely rare. The incidence of 
gastrointestinal liposarcoma has been reported to be 
0.1% to 5.8% at autopsy, with primary esophageal 
liposarcomas accounting for only 1.2% to 1.5% of all 
gastrointestinal lipomas [3,4] . Based on data from the 
few cases available, esophageal liposarcoma tends to 
occur predominantly in males (72%) at an average 
age of 58.4 years (range: 38-73 years) and reaching 
an average tumor size of 13 cm (range: 4 to 23 cm) [2] . 
The case in this report also presented with these 
general clinical features, but the diagnosis remained 
elusive until surgery and histological analysis had been 
completed. 

Esophageal liposarcoma is generally considered 
to be a slowly growing tumor. The lesion usually 
grows until it reaches a considerable size and causes 
symptoms. The predominant clinical symptoms include 
progressive dysphagia, nausea, throat discomfort, 
retrosternal pain, odynophagia, respiratory distress, 
anemia, tumor regurgitation, and sudden death by 
asphyxia and foreign body sensation [5] . Progressive 
dysphagia over a 6-mo period was the main complaint 
of our patient. However, the symptoms of esophageal 
liposarcoma might be uncharacteristic making clinical 
diagnosis difficult. In one case report, it was significant 
shortness of breath, hoarseness, cough, and chest 


discomfort that led the patient to hospitalization [6] . 
In our case, the soft tissue lesion was not identified 
with the CT scan, and the barium swallow failed to 
detect any filling defect on the background of a grossly 
dilated esophagus. In fact, the case was misdiagnosed 
as achalasia until abnormalities on the esophagoscopy 
were observed. Thus, the final diagnosis of esophageal 
liposarcoma was established only after surgery. 

Well-differentiated, dedifferentiated, myxoid cell, 
and pleomorphic are all reported histologic types 
of esophageal liposarcoma [7] . The most common 
subtype is well-differentiated esophageal liposarcoma, 
which comprises up to 70% of all cases [2] . The case 
presented was also a well-differentiated esophageal 
liposarcoma, but surprisingly, a small dedifferentiated 
component was identified in a region between 
esophageal mucosa and tumor. This finding confirms 
the existence of heterogeneity in this tumor type and 
is consistent with the proposal that dedifferentiated 
liposarcomas are biphasic malignant adipocytic tumors 
containing areas of well-differentiated liposarcoma with 
a transition to non-lipogenic sarcoma [8] . 

The treatment choice for esophageal liposarcoma is 
surgery. Surgical approaches, however, are diverse and 
include total or subtotal esophagectomy or minimally 
invasive approaches, such as endoscopic resection [7,9 " 11] . 
The prognosis of esophageal liposarcoma after radical 
surgery remains unknown as the number of cases 
published with long-term follow-up is insufficient for 
rigorous analysis. So far, however, tumors recurred 
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Figure 5 CDK4 and MDM2 expression in the tumor as determined by immunohistochemistry. Paraffin-embedded sections of the primary tumor are stained for 
A: CDK4 in a well-differentiated area (magnification x 200); B: CDK4 expression in a dedifferentiated area (magnification * 200); C: MDM2 in a well-differentiated area 
(magnification x 200); and D: MDM2 expression in a dedifferentiated area (magnification x 200). 


in only 2/15 patients based on the medical records 
available™. Therefore, the local control rate of eso¬ 
phageal liposarcoma by surgery seems acceptable. For 
the same reason, adjuvant therapy is generally not 
suggested. Thus, although the exact indications for 
resection have not been established, total rather than 
incomplete resection coupled with a close surveillance 
program is recommended. 

The case presented herein involved a well-diffe¬ 
rentiated liposarcoma of the esophagus harboring a 
dedifferentiated component. Atypical symptoms and 
radiological findings led to an initial misdiagnosis of 
achalasia. This rare, slowly growing tumor thus presents 
an important differential diagnosis for progressive 
dysphagia. Surgical resection is recommended as the 
treatment of choice for both diagnostic and therapeutic 
purposes. 


COMMENTS 


Case characteristics 

A 51-year-old Chinese man presented with a 6-mo history of progressive 
dysphagia without complaints of chest or epigastric pain, regurgitation, or 
significant weight loss. The patient also experienced difficulties ingesting solid 
food and liquids immediately prior to consultation. 

Clinical diagnosis 

The patient was diagnosed with a giant, well-differentiated esophageal 
liposarcoma with a dedifferentiated component measuring 14 cm x 7.0 cm x 6.5 
cm in size. 


Differential diagnosis 

All radiologic results were consistent with a diagnosis of achalasia. 

Laboratory diagnosis 

Laboratory tests were not reported. 

Imaging diagnosis 

A computed tomographic scan of the chest and abdomen was performed 
followed by a barium swallow. Both revealed a grossly dilated esophagus. A 
final flexible diagnostic esophagoscopy revealed the presence of a large lesion. 

Pathological diagnosis 

The diagnosis upon histological examination was a delineated myxoid tumor 
in the subepithelial stroma. Spindle cells, lipoblasts, and mature fat cells were 
all present. A dedifferentiated component was also recognized on the basis of 
significant atypia in the spindle cells located between the mucosa and tumor. 

Treatment 

Treatment included a radical, three-hole esophagectomy and close surveillance 
without adjuvant therapy. 

Related reports 

Approximately 30 cases of esophageal liposarcoma have been reported in the 
English literature. 

Term explanation 

A three-hole esophagectomy is a three-incision transthoracic approach for 
esophagectomy that usually involves a right thoracotomy, a midline laparotomy, 
and a right cervical incision for esophagogastric anastomosis. Achalasia 
is a primary esophageal motility disorder characterized by the absence of 
esophageal peristalsis and impaired relaxation of the lower esophageal 
sphincter in response to swallowing. 
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Experiences and lessons 

This rare, slowly growing tumor presents an important differential diagnosis 
for progressive dysphagia. Furthermore, such cases are difficult to diagnose 
pre-operatively so that surgical resection is recommended as the treatment of 
choice for both diagnostic and therapeutic purposes. 

Peer-review 

The manuscript describing a giant esophageal well-differentiated liposarcoma 
with a dedifferentiated component is of clinical interest due to the rarity of its 
location and clinical presentation. 
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